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We begin by describing the 'unsteokered enigme'. The machine 
Е 
comeists of s box with 26 keye lsbelled with the letters of the 


I, А deeoription of the mae е. 


slphebet snd 26 bulbe which shine through etencile on which 
letters sre marked, It elso oántsins wheelsWhose funotion will 
be de-oribed lster on, When = key is CELO the wheels sre 
| made to move in а certein way end s ourrent flows through the 
Ens to one of the bulbs, Тахиификккийхькии The letter whioh 
sh pears over the bulb is ши) Зий the result of enoiphering the 


9565г on the depres-ed key with the wheels in the position they 


М я У have when the bula lights. 
Е 


To underst nd the workáng of the meohine it із test to ееовхеђе 


w: „биг minds 


%- | ће @leotrio oírouit of the mohine without ths wheels, 
| She oirouit through the whe ele. 
The mechenism ror turning the wheels snd for deeoribing 


в positions of the wheels. 
The circuit of the msohine without the wheele. 


Ro. | Ein bube andy 


The meohine oontsins е oylinóer oslled the Eintritt ews lz 
E.W)on whioh sre 26 conteots ©, ма G, The effect of the 
hsels is to connect these contsots uo in pairs, the sctual 
sirings of course depending on the positions of the whesle, 
the other eide the contsots C,, G, «Сте oonneo ted 


esoh to one of the keys, For the moment ма will зиртове thet the 


order iå илигъти най дифк QUERTZUIOASDYGHIKPYXCVBNML , епа we 


м 


| 


| will esy that Q ie the letter essooieted with e , И thot associated 


with а eto, This series of letters e«sooisted with C layne 


is oslled th e diegonal, for reseons which will sp^esr in Chap 


— ue ө т SS o 


The particuler order ws hevs ohosen is know" ss QWERTZU order, 
The diegrem shews the connsetions whsn ths key Q is 
depressed end supposin g thet С, is connected to с, through the 


=) 


Ths only outlet for ths positive of the battery is through the Q 
keyt o [^ henos to Cs end then through the E bulb , The result is 
that the Е bulb lights. More gsnerelly we oan sey 


If two conteots С, Bh cs; the Eintrittswalz ere conneoted "8a 
throughthe wheels th sn ths result of enoiphering the letter 
, 
Ssapolated with C is the letter essooietsd with С. 


Notice thet if P is the result of snoiphsring G, then С ia the | 
result of enciphering P et the ваше pleos, 8180 thet the result | 
of enciphering G oen never ђе С, 


Heneeforward we may neglect all of the machine except thu | 
what affeets ths connsetions bstween the conteets of the 
Е.М, , end the turnove-r meohenism which effeote the vositions of th 
wheele, 
a 


` 
Conneotions through the wheels, 


The wheels inolude one whioh ie seldom removed from ths 
machine, snd wh, ioh may or may not be rotatable, It is called tle 
Umkeh rwalz (U.K,W.), This wheel h as 26 spring conteots which 
ere oonnsoted together in peirs. There ere three or more other 
wheels which ere removebls an@ rotatable ; they hevs 26 spring 
contacts on theright end 26 plets contacts on ths left left and Г 
right with ишкику positions when in ths шеоһїпвў Eech spring 


NEM Tm n 


. 


| 
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oonteot ie oonneoted to one end only one plete conteot, On the 


wheele ere ringe or tyres oerrying elohrbete , end rot»teble with 


respect to the rest of the whe-1; more about this under 'turnovers', 


When the machine is being used three of the wheele "ге put in 
between the U,K,W, епа the E,W. in some presoribed orger , The 
wey that the current might flow from tha E.W., through th e wheele 


end back ie ehewn below 
сим Филу 
мм 


км 


MKW 


Tumrnovers, Rin зрели indow »oeition , rok position, 


ER ЕН 


From the point of view of the legitimate deoivherer, the 
poeition of th e wheele is desoribed by the lettere on the tyres 
mfxkuwrxkwziz which ehew through the three (or 4 if the U.K.W. 


rotetee) wináowe in tha oneing of the meohine, Thie sesuence of lette; 


we oelllthe 'window poeition', When e key ie depressed tha window 
whan 
position chengee, but doee not ohange further ax the key ie 


ellowed to rise, We will sey that the position ohengee into tha 


'following' position, The poeition which followe e given one depende 


only on tha order of tha whaele end on the original window 
position, This ie beceuse the mechanism for ohanging the voeitions 
ie cerried on the tyres , 
The turning mechanism oohsiete of 

Three belie opereted by the keye, one lying juet to the 
righb of th e right hand wheel, one between the R.H,W end M.W. 
end опе between the M.W. end th e L,H.W, 

£6 овъонез fixed on kiwxrkxkk есоһ wheel on the right , 

One (or inkk&xoxxurmf »oe-ibly more, here we will elways 
eseume it is only one)cetoh on ееон tyre tha left. 
The effect of the right hend pell ie to move the rightxhs R.E.W, 
forward one plece every time a key ie depreesed, The middle pell 


| 


normally comes into contact with the smooth eurfaoe of the tyre 
which ртетепђа 

of tha R.H.W., ихехии ик it from шик идл angaging with the 
catches of tha M.W, If however it ia abla to alin in to the 
сато оп the byre of tha R.H.W. it will resch the catoh on the 
M.W, and will push both R.H.W. amd М.М. forward: of course the 
Кун. is being pushad forward by the right hand pawl in any 
сазе, The occurence of auch a movement of the М.М, is celled a 
'turnover',. Owing to the fact that the cetch is on the tyre the 


position at which the turnovar ocoüra dependa only on what 


wheel ia in the right hand position, and on the window position 
of that wheel. For instance with German aervice wheela , wheel I 
turns over between Q and R , i.e, if I је in tha В.Н. position 
then th e M.W, will move forward whanaver tha window poeitionof 
tha R,H,W. chenges from Q to В. Tha left hand pawl oparatee 
aimilarly to the middle pawl, but in this саза it ја essential to | 
remember that both M.W, and L,H.W, mova farwerd., 

Typicel exemples of conaecutive window »oaitions with middle 
whael tma turnover E-F, K? ЕН. T.O. Q -R 


AWO BDO MEW PEQ 
Амр BDP МЕХ, ЧЕН 
ANQ BDQ NFY «xa 
AXR HER NEZ ЧЕТ 
AXS CES 
AXT OFT 

Fist 


The effect of enciphering a letter depends only on the 

wheel order (Welzenlege) end tha poaition (i.e, amount rotated) 
of the whael proper (i.e, not the tyre). To daeoribe this vosition 
we could imagine that there waa в set of lettera sttsched to 

the business part of aach wheel, and that these letters could 
misa,be aaen throughthe windowe ss ~ell re the lettara on the 
tyree. The lettera seen would giva the'ebaolute' or 'rod'poeltion 
of the wheel (the point of th e axpreasáon 'rod poaltion' will 

be eeen in Chap ). The position of the tyre reástive to th e 
pusinaas part is fixed by means of a olip on the bueinass part 


‘whioh oan drop into holea near the letters, When the olio ixsin the 


Е 7 1455 0. Фа > E 


hole near the letter С we еву thet the Ringsteliung is C for 
thet wheel, It is ole^r that some ecustion of the form 


Window position = Код position + Ringstellunz += в oonstent 
must hold( it being understood that A,B,C,4.. ere regarded 
аа interohsngeabls with 1,2,5,...), Миехтикху Могпо11у ахлищихуник 


tie one errenges thet this oonstent ia zaro (see also 


" The ateokereã enigme, 

In some enicmes the esacoietion of the oon teots of the 
Eintrittewslz withthe keys and bulbs oan be veried, Thsre are 26 
peirs of sookets lebelled with the letters of the slphabet 
one of sach pair leading to а contaot of the Eintrittswalz end 
the other to one of the keys. Normally the two sookets sre 
connected together by a hidden spring, if however e'Steokert 
is plugged into two paira of sookets, W end Е sey, thsse springs 
ere forced eway end nsw oonneotione ere made through the Stecker, 
ths W key being connected to the oontact whioh would otherwise 
be oonnsotad to th e R key , end vice-veraa. Thet W end Е are 
oonneoted by auch a plug is expres^ed in the form 'W/R' or "В/М! , 

Th e effeot of the Steoker on the enoipherment is quite simple, 

If et e osrtain position of the mm wheels A enoiphered givea N, 
(ebbrevieted to AN) then at the seme position with Steoker 

АЛ В/О, end perheps othere, we heve VO; if inatead we have the 
Steoker A/V but none involving N , we should heve VN (or ee we 
sometimes sey the 'constóbion' VN). Thus if e possibls enoipterment 
without eny Steoker were 


DEXXXRELLDERX DIFSERBE 
DAOR  XYMVKEYO 


then e possible enoipherment starting from the seme positions 
of th s wheels(or es we say, from the seme place) mmm with the 
Stecker 5/8, RAN, ВИК, ту would be 


SIEDENKE 
BVMYBEVO 


Жид А! phys 
Sp ст. E voe 


Conventions for electricians 

For the purpose of desribing the wiring cf wheels to 
electricians one works from s'epot' on the right hend (epring 
conteot besring) side cf the wheel, or if there is no apot fron 
the contact which is uppermostwhen any writing on the face is 
horizentsl 


The eontset which is uppermost or nesrest to the spot is called 1 
and then the numbering is continued ina clockwise dirsotion, 
Üne then makes out s scheme like this 
سس‎ 
Spring 00145048511 2 3 4 b 6 7 B ... Е 
“и 
Fixed contaódts | 6 3 1614 .., 3^ 


—— E e 
From the poin t of view of the oryptogreph er the most natural 
way of naming th в oonteots is rsther diffsrent, Ons would put 
the Ringstellung to zsro, then put zero (2) in the window, and 
neme any contact on the right of the вн, kp the letter 
sesooiated with ths contset с? the E.W. which it toucljea, there 
being sssumed te be no Stecker, To connect theae two notstions 
it would be necessary to taks into sonsiderstion the relstive 
positions of the ontset C, of the E.W. snd the windows, snd aleo 
the positions of the clip snd spot on the wheel, Here ie а rule 
of thumb for obtaining slectricians data from the oryptogrephio 
dets, illustrated by Railway Wheel I, ¥ 


Write down th e mom upright of the inverse sousre for the whee 


unsteckere 
snd above it the dánzonal Use the top two lines to'trsnspose' the 
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third lins into numbers. Then rub out the second end third lines, 


This rule is not um ebsolutely relieble beosuse of possible 
varietions of designs of whaels end machines, 


The comics strips. 
For demonstretion pur»oses it is best to replece the machine 
by e paper model, We replsce eaoh wheel by я пириггий г иуххю хин 
strip of squsred peper 52 squares by 5 squeses. The squares in the 
right hand column of the strip represent the spring oonteots of tha 
wheel in neturel order (to make th e squeres of the strip egree 
with the contects of the wheel one muet wrap th e strip round the 
wheel with th e writing on the strip inwards}. The squeres on tha 
e left represent the plete oonteots, In the right hend eolumn is writteı 
the diagonal twice over, these being tha 'oryptogrephers renee? of thi 
Ф conteots ез expleined in the lest section; in the left hand column 
letters ere eleo written, end in such e way that squares oonteining 
represent contects whioh are 
the seme letter xxx connected together. Down th e centre column 
may be written the numbers 1,...,26,1,..., 26. These numbers ssrve 
to desoribe the position of the wheel, either the rod position ог 
the window position eocording to how they ere used, The Umkehrwmlz 
is repreaented by e etrip three squaree wide, conteining in one 
column the diegonel repested(thie is not entirely essentiel) in 
Ф another the numberà 1,...,26 repeetsxd, The third column represents 
the conteots;end equeres representing oonteote which ere connected 
e contein the seme number (which does nor emoeed 15). The machine itsel 
is represemted by e ehset of peper with slots to hold the 'wheels', 
In а column on tha right is written the unztéokered diegonel twin 
ZXxxr to represent the Eintrittswalz. It 16 convenient to гере 
imaa this elphebet between each peir of wheels, The square 
bearing tha letter Q between the R.H.W. and the M.W. will bw 
eslled R.H,W.'rod point Q' or M.W.*output voint 9". Between tha 
wheels we also write 1,...,26 repeated. These xexxnxiextaserthn 
taxiing ere used for describing the position of the wheel when 
tha Ringstellu ng ie given, To underetend how this can be done 
we need only notice that the same effect es e moveble type 
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could be obteined by having windows end pawls which созда be 
roteted round the wheels in ефер. To use this Ringstellung device 
on the поща strips we make penoil marke egeinst the numbere 

on th e fixed eheet end reed off the window positions on the strips 
uüppoeite these marks, We elso make permanent linee on the etripe 
to shew where the turnove ocoure, When these linee paee the 
Ringstellung marke е turnover occurs, 

If the machine has Steoker we may lesve a column on the right 
for the keys to which the contsets of the Е.М. sre connected through 
the Steoker, 

The rule of thumb for the making of comio strips is to take 
the lest upright of the rod squer for the left hand columns 
of the etrips. 

It may eppesr rether strange thet the letters written on 
the fixed ehfleet between th e etrivs should be in the order of 
the diagonel, rsther then ery ABCD... ; the point of writing the 
letters in this order is that wherever а etrip is put into the 
maohine there wk ie the seme errenfement of letters on either side 
of it. If this were not eo it would be necessery to Нете one 
"той square’ for the wheel when in the В.Н. position end enoth г 
for the other positione. 


Chapter II. Elementary useoof rode. 


Th в rod equere end invereo rod square 

It ie convenient to heve а table giving imnellietely the effect 
of в wheel in eny position, Ме orn таке thie out in the form of 
а equere measuring 26x26 smell equeree, the oolumns being labelled 
with the numbere 1,...,26, and the rows labelled with the lettere 
of the diagonal, say qwertzu,... If we went to kmow the output 
letter which ie ооппеофед to a given rod vont we look in the 
row пешей efter the год point end the oolumn пеней after the 
той а; B. the whsel, Thus in oolumn 18 and row e of ths 
purple equare[ we find R, end looking on th s fixed comio etripe 
(Fig ||) where the purple wheel is in rod poeition 18 we find the 
rod point E соппвођед to output point В 


s 
QIT” уф © | w = ход 
Wi v soe x | W ИП w 
w-N 2C 
Ефуци c | É alas le 
Ак Y uba о pe 
аср 18 Ё: Rok ји 14 


This square ia known as th e'rod square’ for th в wheel; ite rows 
sre known ве 'годе' end ite columns es 'uprighte', Е 

We can make out а rather aimiler squeef in which the rows 
are М amed efter the output letterw end the lettere in the па 7 
equares are th © rod points, This ie called the inveree square, 

It should be notioed thet in both equeres as one prooeeds 
diagonally from top to bottom and from right to lsft the letters ere 
in ths order of the diegonal. Непое the шипи name, That this must 

Я backwarde 
happen ie obviousfrom the fect thet if one ргосведе sterdily roun а 
the Е.М. аз the wheel movee farmerd one will slways bs іп oonteot 
with the esme point of the R.H.W. and therefore conneoted to the 
seme point on the feft hand side of the R.H.W. This point is 
moving steedily round end therefore the rod points desoribing 
ite position move beokward slong th e disgonel, 

Hoodie aci ons 

Fob th e purpose of deooding without а msohine, end in oonneotion 
with mahy methode of finding keys it 16 convenient to heve the 
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rows of the rod square written out on sotual oardboard rods, in 
guage with aquared paper, Let us suppose thet we wiah to decode е 
Xhsrfsiigwiwk mescoge beginning 


хизхт QSZVI DMFPN ККАСМ RWWXU JYUTY NGVVX DZ... 


of nob more then 30 groups, thet we know the wheel order to 
be III I II (Gresn, Red, Purple), the Ringstellung to ba 
26 1" 16 15, and the Spruoh schlueasel to be 10 5 46 1 
1.6. thet the whmtoxxmexttiion шло ние should be set to. УНА 
итхи и and the deoiphering then begun, We first work out the 
turnovers in terms of гфа positions, Wheel II hee window T.0. 
E-F 1.6. 5-6, end since the Ringatellung for this whsel is 15 
o the rod 1.0, іа 18-19. The middle wheel window Т.О. is N% N-O 
| and the rod Т.О, Ја 24-25. Next we transform the Spruohsohluessel 
o 10 5 26 1 into год values by subtreoting the Ringstellung. We 
obtain 10 14 10 14 , and we oan now write txuxrmirkgusitiuwxrwf 
ixmiziXrWr over the letters of the messags ths rod positions of the 
R.H.W. at which they sre to be enciphered, remembering thet the 
waxtkios window position at whioh the first letter la enciphered 
is not th e Spruohsohlus-sel but its ецосеезог. We сеп aleo mark in 
the turnovers, Over eaoh eeotion betwesn turnovers we can mark the 
position of the middle wheel. Aa the гезседе іе шаку not more than 
150 lettera no double Т.0, will bs besohed and the U.K.W. will 
be at 10 and the L.H.W. at 14 throughout, We uen work out the 
e effect of these two wheele for this message onse and for all, 
We set up the comie atrips for the U.K.W. and L.H.W, to this 
position and read off the pairs of M.W, rod pointa which ars 
conneoted through them, (The fired comio strips Fig || heve the 
меке. ana M.W, eet to this position)They are та а be, ke, 
сала РА Й У о 22 ~ 
ах, wo, mj, td, PA fi, yu, zl, D, From these we wish to 
obtain th e connections between the right hend wheel rod noints 
A relevant positions of the M.W, If we set up tha red года 


ii 
14 15 16 1718419 20 21 22 23 84 25 251 2 3 

$ 52 Тр М које НЕТА С M S F4 
Nuy S nun јр + T, O.P 


eccording to tha "e 90, eY,... (аве Fig I$ ). In any column of 
Sat- 
the resulting mukumr will be found the lettera of the alphabet in 


pairs; theae pairs ere tha Бен. rod points which-ere oonneoted 
together through the U.K.W.,L.H.W. and M,W, with the U.K.W. and 
L,H,W. in the position 10 14 and the M.W. in the poaition given 


èt the head of the oolumn in question: this can be verified fron 

Fig И іп the сага of column 10. In order to decipher the pert gor 

the message before the first turnover we set up tha purple года 

according to the pairs in column 10 of Fig 8, This aet of peirs 

is celled the ‘coupling of the R@H.W. года! or simply tha 

'coupling', The pairs of lettere in the various columns of the | 
4 purple aet-up are the possible conatstions whan the П.К. Змии 


& ишїх Meth L.HQU., end M.W. Пета the vositions 10 14 10 enà the 
R,H.W.hes the poaitiona given et the head of the dolumn, We cen 
е therefore use tixfer the set up for decoding ор to the first T.O, 


Aftarwords we hava to rearrange the rods with tha coupling inthe 
А 
llth oolumn of the red год set-up (Fics /$ ) 


16 


Chapter III, Methods for finding the oonneotions of а maohine, 
Alphabets end bores 

For sny position of the wheals of а maohine tha lettere of the жїн 
alphebet oan ba put into 15 pairs eo th-t th e reeult of enoiphering 
one member of а pair 1з the other member, Thase peirs are usually 
written one under the othar and oelled ‘the slphebat! at tha 
position in question. Thus tha alphabet for the wheel order 
Стаап Red Purple and rod position 10 14 11 17 is 5 


EEE EEE 


Tha order in whioh thasa are written ia imnatariel. 

When we heve two alphebete to deel wüth it is aometimes 
helpful to desoribe both alphabets simultanaously in the form of 
&'box', Take for instanoe th e two alphabete 


ГВЯЗВЕНЯННЕНЕВ ~ 
ено а На > 


То form e box from thesa wa оБоове a letter et random, say T, and | 
Xmzkrfmarxiirim write it down with ita partner in the first 

alphabet, Y, following it, thus ТҮ; we then look fér y Y in tha 
eaoond alph abet and find it in YK; we нг а the K diagonally 
downwerde to th e left from Y, thue E $ now we look for K in 


= 


the first end finding 1% in KU write TY , From this we get to 
XU 
e TY and TY , but now if we were to continue the process we should 
KU KU 
v ти 


get 


We therefore drew e line, aelect а new letter, Ңзау, and 
etart egein, writing our results below whet ме have already 
written, Thus we get 


KU 
MES 
e oF 
GA 

CQ 
BL 


Eventually when there sre по letters left we stop with the 
completed tbox* («f box) 


е 
ЕЕЕ ЕЕЕ ЕЕ 


There аге verious remarks to be made ebout ђохее, А bor 
completely determinee the elphatets from whioh it waa made, Also 
it oen be written in verious forms depending on the ohoioee of letter 
which ere made during the prooees, but two different boxes made fom 
the same elphebete сеп always be transformed intopne another 
by е сотЪ3пе tion Âg the processes 


ig 


i) Reerrenging the order of the compertments 

119 Moving e number of lines from the top of tha oompertment 
to the bottom, the order of tha lines remaining tha same 

iii) Roteting e compertment through 1809 ebout ite centre, end 
then roteting eech letter through 180° ebout its centre _ 


At first eight it would seem possible that ín making е box 

one might reach а etete of affeirs like this АВ 

EX 
and that EA occurs in the first elphebet, end one would not than 
know whet to ёо. This із not eotuelly pos-ible за ЕА in th е first 
elphabet would contredict AB, For the seme rereon it is notpossible 
to heve E coupled with епу othar letter which т. о ИИ oocured, 

If we think of the columns in в compartment of e box ve see thet 
the effect of going down the left hená column of e ив compartment, 
ог up the right hend column gives tha result of enoiphering eletter 
with the first elph ebet end then enckphering the result with the 
second, Consequently if хихихахёіхинихіни insteed of being given the 
&lphebets we have the result of this double encipharment we shall 
almost h eve the box, We shall not know how much to sliče the oppositi 
didee of a compartment relative to one enother, end in the case of 
compartments of equel size we shell not know how to pair off tha 
sides. 

The effect of enciphering firet with к then with A I shell 0911 | 
*the permutetion fs t likewise the effeet of enciphering with x 
than А then r will be се11е6 ye“ „ For these permutations 
there ie а notetionsiniler to the boxes, However this kind of 


'generel bor' does not enable one to recove т the original 


'elphabets, It is elso more oonvenient to write them horizentelly 
(the seme epplies to ordinery boxes, but th e tradition there is 
fármly estebliehed), As en exemple of the notation 


Kame (QKLAIYSUHFP ) ( TOWMZB ) (DEXVRN) (J) (0) (0) | 


This means thet G enoiphered ab у (giving A}, end then nt 
e ñ (giving C) end then at у givas K, likewias К enoiphered x 
with ве gives L, P enoiphered gives С, and J anoipherad gives J. 
With the aama notation the elphebet М oould be expresaed in the 
form (ҮМ) (27) (ЕЗ) (GA) (NP) (XR) (OF) (HI) (LB) (DW) (YT) (UK) (900. 

If the letters of а pair of р1рһеђаїз sre subjeoted to а 
aubstitution, end s nsw box is made up from the resulting 
slphabete the eizes of th e compartments of thás box will be the 
seme ss in the original box: “tn fact tháe box oan be obtained 
from the first box by subjecting it to the sema substitution, 
(except poasibly for order of compartments ato.): e.g. if we 


e subjeot the shphsbets a to the substitution 
О ABCDEFGHISKLMNOPQRSTUVWKXY 
ZDGYTNBHFIKOLDEMSRQCTAVIW 
( Z to replace А ato.) than ya gat the elnh~bats 
г 2 m 
| AL АЈ and the box 
T) ту AL 
ва мене НЕ TI 
/XR NB ve MU 
| EN ОТР EN 
| HF OR ва 
OD SD GS 
ҮҮ ХМ ро 
\ WCE WK от 
\ IE 29 РІ 
вв QY уу 
© == ТЕР 


Conversely if we are given two peirs of alphabeta Ap snd 6,9 
such that tha sizes of the oomosrtments in the дА box sre the 
ssme "а in the РГ box, them it is »oscibla to fimd s substitution 
whioh will transform À into е snd p into (in faot ususlly a 
grent magy suoh eubstitutions), We heve only to writa the boxes 
in deorersing compsrtment siza(ssy), and than s substitution 

with the redfirea property will be the ona whioh trensforms 


lettera in corresponding positions into one another, 


ща 


The oizes of th e oompartments in & box, and the lengths of 
the шу xxixx braokete (oyolee) are important, аз they remain the 
sam if all th e letters involved ere eubjeoted to the same 
substitution, (whioh might be e Зъеокег пр), Ёштхкик If we write 
down the lengths of the сусјез of а aubstitutionx in deoressing 
order we obtain what we 0713 the !с1аза" or the ‘опере’ of th- 
substitution, e.g, the clasa of үЁ* "bove is 11,6,6,1,1,1; with 
boxes there are two ways of deaoribing the ahspe, eith er by the 
lengths of the oompartments or by the numbers of letters in them, 
КЕ It is slw-ys ebvious enough whioh is being used, е following 


information about frequenoies of box shapes пту be of interest, 


26 25% 
24,2 13% 
22,4 7.3% 
20,6 5,4% 
18,8 4.5% 


NM и 


The phenomena invebved 

Before trying to explein the eotusl methods used in finding 
the connections of e msohine it will be -ə well to ehaw the 
kind of phenomene on which the eólution depende, 

The most importent of tie ohenomens is thie, Suppose we ere 
given the alphabets et the positions IE ma FKA WA 
end eleo et REB FKB WMB then there is p which 
‘will trensform the elphabet REA into REB, i into FKB eto, The 


lettere of 
subetitution is thet which trensforns/the column of the rod 


equere corresponding to position A into the lettere on the eame zea l 
in column B, When we ere given complete slpnhabets ws сеп box REA 
with FKA end REB with FKB, end the eubstitution will heve to be one 
which trensforms the first bor into th e eecond , As en exnmnle of t 


ths phenomen on we меу teks the elohebete «and bores 
REA REB REA REB 


REA REB FKA РЕВ WMA WB ЕКА ЕКВ WMA WB 
EX RO ЕН м TW BR EX u RO EX RO 
u; то JQ NP QD PO ' UL FU TL T 
BG — UM NL EU ZF HB NK — EZ KN ZE 
Op AG ос MA RN VE HG M RT Vx 
то EL ZR HV та IN ор AG WI Ip 
FS BY 10 пс ос СА MQ SP PB TW 
RT у РА TQ XL a J2 ЩН ҮҮ XL 
QM PS BW WI GS MY RT VE 52 NE 
WI m тү XL BY W м IK TS BY 
BP OW? SY YK IP рт sr YB oH MI 
ло 90 MD Se HM в WI D ма SP 
а NH EF RB AU QF oA 09 DO GA 
NK EZ Ux FO ХЕ QR РВ м ОА 0Q 


The eubetitution which will tr»neform REA intà REB, ЕКА into РЕВ, 
REA REB REA REB 
WMA into WB, the box FKA into FKB end WMA into WB is 


ABODEFGHIJELMNOPQRSTUVWIXYZ 
QWAGRBMJDNZUSEOTPVYXFLIOXH 


In this example the slphebets ћете teen written out in such e мау 
thet Жак e letter end the result of зо lying the eubetitution 
occupy corresponding positione, Of course if our elphebete were 
deta from which the eubetituion was to be found thie would not 
generelly be the cese. Our problem would be to errenge them ix 
xmrixxzxerdxr or the boxes made from them, in euch en order . 


at 


2.1 


We might for instanoe bo given the slphebete in the more or less 


Ф alphebeticel order 
via ih ЕКА ЕКВ ИМА НМВ ЯКА. FKB УМА WB 


до ше жи AO AG AQ AG 

BP BY BW BR BY W mw зов 

бр OQ CG ср CO BP NH. QM JM 

EX DI DM EU DQ cD vx ф YB 

| TS EZ EF FO EX FQ M LK SF HN 
| сн FU НК GS ма 5 YR ZJ IK 
IW EN IO EV GS RT RO VY WT 

| та JM JQ IW HM VY FO BP DI 
| EN КЬ IN JZ IP JS SF EZ IW IV 
| LU OR RZ EY JV KW EX JM TR EZ 
| мо PS SY LX KL IN UL м NK UF 
RT TW ту NP NR MY ик Ww iU go 

Ух W во ID oR 


ҮҮ Ur QT Fy 
ы] 


and th en шеке from[th е boxes on the right, From the right hend 


в peir of boxes ме se: that Haust becoma aithar 0 or ‘a in the 
e substitution, сда ме oan try bothm hypotheses out m errenging 
охвз 


the first two аУинифк я correspondingly. If the first box ie left 


ss it is, the до-геарод fing rearrangements of the second sre 


ao 


b EY 
mô PS SB 
GA? мт, yz" 
ZE 
UF 


OR ко 
- BY FU 
KL EZ j 


W Xv JM 


The first of these rearrangemente is imooesigle, It 1101486 for 


© inet^noe thet in the eubetitution С becomes Н anà M becomes Р 
but 
mNwrewx in the third box С and M Soci on onnosite sidee of я 
мы [ 


compartment while in the fourth tier ere on the seme side, 

Actually we heve in theo 1phsbete rether ап embarrae да riohssss. | 
It would reslly be easier to work with sey the first five 
alphebate end tie two constatations , AC За BH eey of the 
remsining one, Since В and Н ccour three epart in the seme colum 
of те the peir othetters of WMA from whioh BH srises by the 
subetitution must scour three spart in ons of the oolumne of 

the lerge compertment of E + The only ^»ossibility ie th st BH 


e вгівев from FZ, end we сеп oheok th e result with the Аб, 


| q a And 
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We make use of e third phenomenon when we have found some ports wi 
ө of the rods, Suppose we find the substitution which traneforns 
the first column of the purple rode into the third 


: 


S8SHSBESHBSPSHSS 
"uu <a <4 E M S O td bi m um 


QOU RAH OF Hii p BZ E A a je 


Е 
" 
X mA: 
G 
L 
ТА is 
(ZDENFH) (GEOTC IUBSMWRYYZQ) (JX) (AP) Р 
~ 
end the substitution which traneforms the os column into the 
ot 


fourth ie 
(JYBNSLZWPTRXIVMQ)(CADEOG) (HU) (FK) 


These two subetitutions ere of the snme 'shape8, end if we write them 
like this 


(me IUBSMWR D |] it) 
JYBNSLZWPTRXIVMQ](CADEOG)(HU]) (FK 


eech letter in the lower line ie below the letter which is three 
places further on elong the (QWERTZU) diegonal, We can есе that 
thais|mst hep»en bsoause if we repleoe the lettere of the 

first end third columns of the rod equere by thee whioh ere 
three places EN da elong ths diegonel and then move the жїюїш 
beeult three placee to the right end th ree upwards we get the 
fourth and sixth columne, 


1 14 


А rether eimiler phenomenon із ueeful when we йш know the 
diagonel of the machine. In such a cese we onn m-ke = oorreotion 
to oub oonetations transforming them into oonneotions between 
the oonteotsxafrkueiR on the right of theR.H.W. insteed of between 
oonteote of the Eintrittswelz. The oonstetetions when so 
transformed ere desoribed es 'edded up! or ‘buttoned up'. The 
ргосеез oen be oarried out withtwo etrips of oardboard with the 
diagons1 written on them, and in one aaee repeeted. Де en exam^le 
to make quite olerr what thie edding un proces” is take the 
fixed oohio strive Fig 11. The elphebet for this position of the 
machine іе (СВ) (FR) (TV) (X0) (IK) (WO) (AG) (PY) (BZ) (HM) (1L) (ЕМ) (US) 
The edded up elphebet сеп be obtained either by trecing through 
the wheels from the purple oolumn on the rázht beck to this 
column sgein, or by epplying the eubetitution 


QWERTZUIOASDFGHIKPYXCVB 
YXOVBNMLOWERTZUIOASDFGH 


to the ordinery elphsbet, It іе 


xor ег узе 
(FR) (ту) (BG) (DQ) (10) (XY) (WZ) (AS) (EN) (UK) (LP) (07) (МЕ) 


Instead of tracing the oubrent through from the right hsnd purple 
column in Fig 11 we oen of oouree trece it through from the left 
hand purple oolumn back to thie column egein, ixrtsrrwextrkrfxxk 
Хижа йгиилкхкесслихихияиххо? лик? Еухаййа киха уния ии ts хап: 
Thie gives us e very eimple picture of how the added up elvhabets 
between turnovers ere "T IT one is obt-ined from snother 
eimply by e slide on thie Teft hand purple column, i.e, е elide 
on the IK last upright of the rod equere. For instance the 
if on the fixat comic etrips Fig 11 we move the R.H.W. to rod 
position 15 ме heve the added up elphabet 

(EA) (RD) (ум) (10) (PN) (UB) (LF) (GW) (YX) (от) (QT) (KZ) (HS) ( 
which Gen be obtained from the added up alphabet et rod position 
18 by the substitution 


WVKSBCEYUF 
L 


m HXZMNIGOPAQIRLD 
RLDTWVKSBCEYUFHXZMNJGOPAQT 


= 


Te 


The sege 
` Suppoee thet one wes left slone with еп enigma for hslf en 


hour, the 114 being looked down end the Umkehrwalz not moveble, 
whet dete would it be best to t ke down, and how would one uae 
the date sfterwarda in order to find out the connections of ths 
machine 7 Cen one in this way find out all ebout the oonneotione ? 
Thie problem ie unfortunately one which one osnnot often epply, 
but it helps to illustrete other more practicsl methods, 

It ie best to occupy most of one's helf hour in teking down 
complets elphabets, At least nine of these ere пасезтегу, es 
follows from this ergument, ixxwriurirreritxwxgbirurzmYXikinctumr 
fixirkkexmvozxeskiausxkyrwrttiuxx:i wn wli rxzxxfutarusixrnfr 
cummins тни хаз ring ren ххх вв rarDIGiI IG PU сени 
xiixriwxxüxixrlf the solution le completely determined by the 
dete the number of poselble different date must be st least 
equal to th e number of possible different йн solutions, Now the 
n umber of possible different diegonals is xpzruxt 261, ihe 
number of weys in whloh ons oan wire up s wheel ls elso 268, апа 
the number of waya in which one can wirs ап Umkehrwelz ie 
approximately (263)? , 90 thet the number of possible solutions 
ie ebout (26) 
elphebet is about (261)*, so that th e number of vossible 


„ The number of possible vsrietione of an 


verietions of nine slphsbets із about (261)? which is the 
number of solutions, 

The preotiosl minimum amount of dete is survrisingly elose 
te this theoreticslty minimum, It is possible to find the 
conneotione with 9 properly chosen alph abets end 10 other 
constetione properly chosen, However in order to shorten the 
work I shall teke en example where we are given 11 ebphabets 
anālo oons te ta tions „ 


Deta for sage _ 


E Z a г 
1 ААО 4 АВА АВС AA oko Š ` 
AAB AAD = AĞA ~ BAA И АБА САС — 
ЖЕХЕНХКТЕК ACB DAA GAD T 
AL AD AI AM AK AE AW AM AS AQ AZ sO UQ Mj HX МА 
BS BO BY BS BO BS BV BP BO BY BN ZJ LB IL VS жу 
CE EK CT CH СР CR CZ CE OP CH CO. 
DH FV ри DR DE DQ DX DW ру DU DF 
FM GZ EV EO GQ FL EJ FG EU EP EI ae 
GR HN FN FQ HW GV FO HL FQ РИСІ, > 
IK IT GX GP IX НК GU IZ СУ GM'HX тъ 
JN JY HU IJ JP IN HI ТО HY IZ JR 
OZ LU JO KX LS JP KR КО IL JO КР. 
PY OQ KZ LT MY MO 14 NU KT XN MY 
QW PS LW UZ NR UY MT RS MX RW QV 
TY RK PQ YY TZ WZ NS TI NR ST ST 
UX My RS NW UV TX FY VY WZ XY UW 

-= \ 
ме ми 3 


There will ba а substitution which transforms AAA into ААВ, | 
for findin g such e substitution 
ABA into ABB and ACA into ACB, Following tha mathodjaxpleined 
AAA AAE ААО 
in th е laat peregreph we form tha boxes ABA, АВВ end elso АВС 


which will ba needed latar 


AAA AAB AAO 
ABA ABB ABC ACA ACB CAA CAC 
е АІ AS HK 
SB HU Bo vs 
MW GX ӨР 
у DM ру 
MF ЧЕ TC ЕЈ 
ак FQ 
RS Gv 
We) NF HY 
GR BO 07 1L 
NI RZ EV KT | 
PY 87 Mx 
Ux NH PQ NR 
IK KE LW WZ 


We went to rerrrenge the box ME in the wy thet was dona st 
the bottom of p. „Тв substitution which transforms nw 
into ABD must also tranaform two constetions of ACA nto SO 
and 27. The only constatations tem of ACA from which SO sould 
have erisan ere LH, Gl, VY. If OS erisss from шїїїшг LH we 
should have to hava а substitution which involves 20 erising 
from OE in ACA, and thia does not exist, 


одиноко отток. However åf we rearrange it во 
thet OS erises ке Це ив find ZJ arising fron Ш. We can 
similerly еггапде АВО to fit with them end agree with CAA end САС, 
end fit GAA te fit onto TAD agresing with BAA end BAD, 

R 


Rearrenged e EE a 
АДА AAC AAA AAD AAA 

A BA ABB ABC GAA CAD САА CAD 
AL WF Gf AL UZ AL TL 
вв IU DM IK AM ik GP 
oz FI TC ТҮ YV ү KX 
TY в ж HD QF HD HC 
MF ВС RS JN DR JN ОЕ 
cE EX N RG TI RG IJ 
gu i O YP EO ҮР RD 
WQ NH EV CE CH CE FQ 
св KE BY UX XK ux ҮҮ 
N AD R MF IG МЕ МА 
PY WO Шш QW LT QW ZU 
Ux MW AI 20 SB 20 WN 
ж 2 H BS NW з 85 


We can прије te down the parts of the rods which ere in the 
oolumne oorreeponding to the window positione Aj B,C,D though we 
до not know the correot order, They ere 

AVGT YSK WNEU UMAY 

LFXL MBRM QHVZ Хы 

SLDS РОБА | GKBJ Тане 

BUMB СЕМЕ  REYI КООР 

OYIN EXFQ NAPE 2040 


| ртос їр 
008 HIJE VOWR 


The substitution whioh transforme the letters in the fáret oolumn 
o 

of theoe rods into those on the eeme rode in bhe eeeond solumn іе 
(AVOYSLFOREXWN) (BUM) (2J DTPRHI) (GK) 


Thet whioh treneforms the вебопа into the third ie 
(VGUMAPZH) (FX) (LDQ) ( YTOWIJOSKBRNE ) 

end that whioh trensforms the third into the fourth 
(GINFQUOWRMBIE) (хпрздуйк) (кор) (хт) 


These three substitutions heve now to be errenged one under ths 
other in euoh а way thet the subetitution whioh trensforms the 
third into th e second le the seme ee that whioh treneforms the 
second into the fáret, thie eubetitution being e elida of one on 


CER Second 
the disgonal, Clearly (52) in the 524 hes to fit under either 


КАА ТТ 
27 

e ка 

(EX) or (EF) in the sacomt first; if F is under G we oennot fit the 

second snd third together, for Г ooours in s braoket of 13 in the 

third, snd С in s breoket of 8 in the secónd, if F ie under K we 

сеп fit the three together like this 

AVOYSLFOREXWN)(BUM)(ZJDTPQHI {асі 

SEBRNEYTOWIJO)(QLD)(VGUMAPAZH a 

NFQOCWRMBIHGT ) (PEU) (XXLDSAVZ ) (IY) 

The diegonal is 


APQBORYFREVZHIXGJWELUDMTONS 


нинхкихинихинкихти Of course we do not know where tha diagonal 
'etarts!, but with s hstted disgonel like this it does not matter, 


We oan use the disgonal to put the rods in order and to give them 


n emes, There is likely to be sn error in our naming, beoeuse 
we shell not know where to etert nsming them, Зо heec C 


either th в rows or th е columns , Th e difficulty about naming 
the oolumne eimply mesns thet we do not know the Ringstellung 
or the sbsolute positions involved, If we ћете the oolumne 
correctly named but the rows wréngly we shell have the wheel 
right except thet the plate contacts sre robated with resvect to 
the spring oonteots, ЈЕ is very difficult to eradicate this, r 
Фросовевовђево инолукај ах февтх ној кака xundockk& у весео 
зехавхилехки а IRER RY ONR IAA хи хиеахавеххенхахкнаних ки иа Жикх 
xgyxizxpyrrnüifferwxixusypsxwitk rd Е Хитии химия хитйитахнийх 

It сап only be done if we have а great 4671 of information 
about actual window positions snd Ringetellung, e.g, if there 

is s Herivelismus or if the letters of the Ringetellung ere 
reetrioted to be alipitferent end notwo consecutive in the 
slphebet except Z and А, 


Our set of rods ia 


2 


= @ m tt O c+ H u E PO іе Нн 
A 


EBE 
EEE 
Labs d eer 


8 


end we cen n ow transform sll our date about other alphabets 

into the form of data about rod couplings. The ones we need first 
ere 

AA AB AC AD 


sk iz ar 

. From th ese we oen get the uprigh ў of the middle wheel, The 
first step is of oourse to add up the alphabets, Here they ere 
edded up with Z aa stenderd 

AA*AB*AC*AD* 


pi aj vu hx 
ol rá dg mb 
nd sl Yo 
mo to ow 
kx uk es 
je ve jh 
ws zy xf 
vb op im 
uh am pa 
tr bn tn 
ag wh ir 
y z fx ze 
ef gi bk 


а F 


В 
= 
ngau Мета 


24 


We now box AA* with AB* епа AB* with AC*, end then re-rrenge 
AB 


А е зо куну es to find the eubetitution which trensforms 
AA 
А В* into АС“ and AC* into AD* 


ААЖ AB* AB* 
AB* A C* AC* reerrenged 


pi 44 ip m ја 
ка -w zx emx po 
je ot at xf yz 
vy nb xk ок añ 
nd ku xx ма ig 
тъ те жа wx ûr 
ol 31 in ix 18 
sw rd ят tr ет 
hu gi яз ён uk 
@ па ж xr Ев 
Та zy at = + 

24 

e H 


XipwxwprizWkrefrius:miditerwkert This subetitution sends esoh 
letter of the upright of the middle wheel into the next on the 
upright; h sence the uptight is 
ie leezfirdgp]yxuniqohukbmwv&o 


Аз we edded up to position Z es stenderd thie upright isithe 


‘upright for position Z, We osn make out pert of the rod equare 


there being 
from it, (difficulties ebout where to begin ее before ~ 


: 


< и нчносошжовно с В ос 


pcc «— 


Q We cen now transform our remaining dete into informetioñ stout 
oouplings of the middle wheel rods, By sliding the diagonal 
up the side of th e rod square we oan get the aupuplinzs 
immediately into edded up form 

A* BF в" 
ВАв се pt pr СЕ »* rearranged 


та сезгуву kä га өз wl 
bt bn bäi or sl gz or 


ое or ol wj eq до 
di do дг kg jk vf 
fo eq ez zv tx nb 
gk fv fn fo ph iu 
hy ez es 41 wl my 
w hp hw un or es 
e ju xp bt do ez 
их jk ја xm vf eq 
n u lw kt yh nb jk 
ра my mu ра iu tx 
e vz tx vo ес my ph 


The left hand wheal upright is 


rwümngrxeptznsohkvbgfily jouelg 
zhixg jwaludmtensapqboryfkv 


and under it hes baen written the diegonsl, This serves to transform 


А ог A* into the Um-ehrwalg oonnections, They sre 


yv,fs,oe,zw,oi,mu,rj,ox,pk,nd,ht,b¢,e61 2 


af 
® "дай по up! method 
Most prectionl methods of finding the connections of tip 
machine depend ой getting в long crib, either by ‘reeding on 
depth! (eee Colbnel Tiltmen's psper Jor by 


pinohing, In many cases we ехреођ the disgonal to heve some 
epeoiel velue,(e.g. qwertzu beosuse tle originsl oommeroiel 
machine hed euch s 41260181), In thie onse th е amount of orib 
песеззегу is not very much , To estimate the amount of meterisl 


that we heve it is best to work out 
(Length - 2)5)х square of вуегаде feornected depth" 


Cslitygxthis the 'mstsriel messure', By corrected depth we meen the 
e KErazx eotusl number of oonstetations, so that this osn never 
ехов, ва 13, Аз recerde the amount of materisl neoesssry, it will 
elmoet вјувув be impossible to get the wheel out with les-s than 
в meseure of 90, from $0 to 140 it will be а matter of ohehoe whether 
it oomes out or not, From 140 onwards it will elwsys come out, but 
with inoressing s the materiel messure mounts up, With е 
materisb meseure of $00 it is so esey that the trouble of sdding up 
further materiel would be more then would be gained in shortening the 
further work, The method is икиа ал)” es-entielly the same аз we 
° used Гог 7108114 the middle wheel in the oese of the sage, Here 
hewever we have to do with vertiel slohabets or even single 


соц stetetions instesë of complete elohebets, We cannot therefore 


до eny boxing, After ме hsve edded the msterial up we tske eome 
hypothesis sbout the upright, e.g, that F immedistely follows K j 
snd work out its consequences, If for instsnoe we find the 
узавва up, I shall met omit to mention this in future) oonstetstions 
Ë sna immediately following ons snother we osn infer that 
T imnsdietely follows R on the upright, This we may express in the | 
form 
Вака ке — RT 
© the dssh denoting loziort equivelence, We follow out the consequences 


until we resoh s oonfitm tion or а oontrediotion, When there is 


4 
Ма ИР эшм б ъв k = HE pag. KE” И пал KO P — Кое край سم‎ 


Ha epe! 


lm 
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plenty of material we do not usually atert to work s hypotheeie 
unlass there is going t de an immedinte oonfirmtion, e.g. if 
TC impliaa RF from two different parts of the crib, This will 
mean to sey that the conetstations $ апа š occur Заки ooneeoutivaly 
twloe over. Alternatively we can say thet Ч occure twice over 
at a certain distanoe, and that š also uccurs twioe over at the 
seme distance, In order therefore to fina these vrofitabie 
hypotheses we have only to look for Trepatitáons of constatations 
(half-bombas ae they are rether ађечтају called) . For this reason 
and mwwkhwrrzk aleo because later we wiii went to be sble to epot 
Oocurrenoes of а givan letter st а glance, we put onr materi 1 аз 
we add it up intothe form in Fig 19. 

Now to take а perticular problem. We are given material six deep 
and 100 long, snd we axpeot that the diagonal ie qwertzu, Our 


ms terial is, 


(це apologise for it not making senea) , Жахийих? Ххиихкийхин) 


XENI. 
мах 


based 


We dacide to try out tha hypothesáe that there is no Т.О. in the first 


eaven columne, and therafore we add up the columns 1-7,27-55,55-59, 
getting 
ICN.. 


эз" 


N<xe тесна ЗЕ 1 оу Х © — Уа Vag 


Бо = * F3 N > 03 ~ 
d = no > с 5 چ‎ с < pt в 
г два => "ко ® u 
> се ~ TE mn dS e * 
= 3 ze? ma 5 ч 
wo x s 5` > иж 
т > э xo %8 cn 
X > a o x = ~ == 
је“ С > > 9 ~ T- съ 
St 34 xx w ot ~ э + 
EY о = CI N VHS 
2" HS * -PIS < x Шш = 
"р сек mn = ил > 2a? 
<b < Z 5 > + z H oë 
МЕ 
т Фр со p з Ф: 
бео P Suy Ho? с <4 * 5 
Erw Б ux ы ~ a € < © А 
ъс” F< хрх c soms | E 
тт то м 09 > «чі х ays 
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тул o =) > = в » = со E! 
< 4 Да К 
же 
ара N 
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т = 2 8 
х Ж % CU 
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cr ` (CS LU mab v7 
EA (С || $ 
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e z TN 
e 
E x АА 
Sf - ха 1 
+ md > N 
Бе 3 | 
rÍ 7 
š p ew | 
r I 
я я 
al PATE ада витез се 
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Howaver та put tha material direotly into the form of Fig 4. 
We saa numeroua half- bombes snd do not naad to meke any 
enelysis of their langthé in ordsr to find e profitable 
atsrt. The half bombes S end Е auggaat the two poesibla 
sterts Q F = SH and Q H-SF (ths two atrokas masning e double 
implication, not equality}). Tha оопзациепове of tha аеоопӣ of these 
ета shevn in Fig 20 . Aoontrediotion is quiokly reached, The 
oonsaquanoas of QF in Fig LI , Tha loop QF-ZO-MB-UJ-QF gives 
e aeoond oonfirmetion, and our hypotheeia is now я virtues] 
osrtsinty, We now abandon tha tree figure for sn nlnhebat with 
conasoutives written acainet them (FIG 22). A11 goes enoothly 
axoept that there ia oleorly "п errog in our data ее wë have a 
few oontradictions. We sort out the good from tha bed by using 
pairs of lattars two evart on the upright. Thus то. АТ confirming 
FR J2,20,A4Q,QF. Whan we Блуе oheoked tham all wa can write out 
the upright of the БАНА, 

AQFPEVKYNCUJZODXMBSHTIRGWL 
We than heve te find ths upright of the M.W. To do this "e uae the 
eame nrooass as we did with the зада, Wa heve to find the 
айдай up ocouvlings of the middle whee 1, Thia oan ectuelly be 
dona without either sdding u” saparately or writing out the 
rod squere, simply by navine|moveble strips with the upright 
and qwertzu written out on aach, end sliding thasa грота the(added u 
ornet tha constatations agres with pairs of letters on tha 
Strips direotly above, We than read off th р coupling from the 


тон of qwertzu letters, taking tha pair of lettars in oolumn 

1 for columns 1-7 of the orib oolumn 2 for 27-33 зів. Under 
one 

Fig © is shewn the stripa ез xkwx set for reading off xw of 


the sddad up couplings for 55-59, viz aq . Tha added up 


о gb pn 
Но pl ol 


couplings that we Bat are iti 
1-7 27-33 53-59 79-85 wf- мд 
ap 39 ^ш zm 
wb gs wj ` xv ti 
т ak th x m 
+ A rv a (som dy < вар 
to zr Д 
zu up „Я 
ix zy um oy Дела т ac] anl 
os ie 1o да m и: 
ар ov sk wb f 
am aj ab 04 
nv fn fy gz 
em 
ka 
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Boxing these together we get 


1-7 27-85 55-59 
27-55 55-59 79-85 


9р hx да 

lk zy ks 
ef im дъ 
må uw wj 
jo ја. пр 
tn be um 
ry ek eg 
zu за zx 
wb е1 vr 
e ov НА 

rn 

hv pl oi 
os 25 Pu 


When we fit these boxes together ws fail пізег"Ъ1у, "пй so we 
hsve to essume that there is s double Т.О. somewhere in враћа of 
the boxes all turning out ths вещае вере, Ws find thet this 

is betwsen the first rnd second =1рһлъвіз, end thet the 
remaindsr pan be fitted togsther with th e upright 
wbnhoovrtirlyezggpfkmseud] 


eee 
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I will ive = ваоопд exemple of tha ‘adding up" method for а 

osse where it is only just poacible to gat tha problem out. 
The material ia given in Fig 25 all ready added up, Thare sre 
no tequidiatencea' (half-bombas with aque) diatenses) end eo we hava 1 
to make en analyais ehewing sell tha oonsequences of any hypothaeie 
thet one letter follows another on the uprigh t(Fig 3%). Fob 
instanoe from the enalyaia we deo thet ХИРЕ AY,HT,NF,ZA, ете 
all oonsequenoas of IM, Tha penoil letters round the outside 
xxm were put in tohelp with the meking of tha ce тата end were 
uaed in oonnaotion with oolumn s 32,35 of tha meterisl. Of oourse 
some of the consaquanoas will be felsa owing toturnover, but ва 

е wa в в desling only with distenoes of 1 "e oen hova to negleot this 
without hrm, Wa пот piok out їкг& squares with в large numbar of 
antriaa in tham ang follow out th a further oonsaquenosa of then, 
making treas ае bafore, end hoping to find confirmations. When 
we get oontrediotions we leave the trea for tha present but hava 
to remember the Т.О. и“ we gab atuok we cen 

. 

acmetimea oontinue using сод sequenoes whioh are of the form 
th two lettera are et dietance 8 on tha upright. For this 
purposa an analysia of positiona at whioh latters ooour la usaful 
(21214). kt In pertiouler we naed thie at Fig 40 . Now VW and 

e WY imply VY? anā PR and RS imply рз? and thesa imply on е 


| 
enother from oolumna 19,21. Wa also gat съ? whioh sterts off | 
another train of ooneequenoes involving етофћег confirm tion ).) 
Eventually we get atuok with the bita of Вук upbight 


Wa might try putting in KA as а hypothesés, Tictmomkn aftarwards 
try КВ ato,(KA appears at firat to giva confirmations, but thase 
ere bogus, Th e only reliable rule about oonfirmatione is to 
ba partt T oe 
© see—if—onesean—leeve в оопзЪ tation out end then ses if it 


oen ba infarred from the hypothesáe), Wa might also try 


Ug 


putting in es many new constetations es poesible which ere 
consequences of those we ћете end cub availeble information 

ebout the upright, end then etert off efresh with зоте new distenos 
on th e upright, SER о But there је a quigker road to success, 

Nete the constetion J in 1 and $ in 17, Sinoe we heve J following H 
епё I following G on the uprigh t it seems highly probeble that 

we hevs в 118 . If this is so we have this as part of the 


u»right 


end J 


FGIL. s UHTK. 
Hence OHŠ which implies PKS giving us this ез upright 


TGILNOQPRSUHJK 
From this we geb many oonfirmetions end ere able to fill in the 
whole of the uvrigh t (except Xwhich goes in the one remaining plece); 
NO, thet the 1.0. which ectuelly ooours between 24end 25 hes not 
troubled ue et ell, 


A м 
р 
tt #& ум эъ b 
a н 7 
K£ A nt < w ^ 
š u $t 
£t Mi 
sul 
Gt ы № 
фа 
at СЪБ 


че 


E 


H 


e 


oC Èy 


за, HON 
779 044 


> 4 ў эму LM 2» КА н 
A ap A pP M 134 ют 5/5) Á 


зла ЛЕ ПОУМ МУ ома нА 


PIA LAMM лу yn V ^NUw У 9чу ох п тло 1 
aak S R S ~: << Ч тоа не Бу Caan 


22 


c e | 


— 


i$ ^dugdwudsap 
уч оч WAL AD GH 
ламлзала то ALIY 
9^1 

1 


DG «ил, 
| 


Р 


62, ЕЕ Ht سے‎ J v 
10) (но? 
eg” 
Gy) 
© во Е 
ка ` L n) 
(06) — 
Ед 17 2 
4 
NZ) 
£6) pi 
E 
ар 
"e br о) 
4 — 
a \ 
| Се, 
Ga 


$5 | 


(сн) 
| 
I O 
(79 
ед tb 2 
NS Fw) 
E _ 
/ (99 
Fo | 
; a 2 
` N Z 
(КО) 
Мыл» 


#9 ИЕ CD- AD соъ 
= | 


| d 


и се 30 “4 
wy тк Gi 
RS vw он 
PR IL 4 
\ 
Ps _ 74 (ез 
S оф бу © m 
2 ар; 


_ wass. ae РАВЕНУ ПГ" 


е та 


B EID ЕЕ СВЕЩ 


T 
| 


-— 


z 


x 


= m о1о > 


че 


eb 
то 


~ 


пи RA 
| 
# TA 
ма 
PA 
G 
1 ТУ ум № 
H е 
ta е 
1 (a FF TT "e an | | ] 3l 
vT NK 
Y E 
"XM ~ вещ 
[s< КЕ 4 e "I 
ML у pasà L 
"ез E че iy g E 
_ rA PRG: 
рум meon 
N ry 
o ° 
pom ue = {© 
м Й | 
o а 
с ту тв” St тя” ма 
R R 
~ T + 
s АЕ УМ РА rm [E [6 
T 8 ПУ а то ue T 
Ro ss wr T l'ai 
EA Ж. LEM HU 
я du zm TK ТРИ м! 
уг 3 ۷ 
| 
wl вх үү 
РУСО | 
X 
| 
| ттт 
m 
м. 
Z 
= 


АВСРЕР НІ) 


d ге че — 


Clicks at twanty-six-diatence 
This is a method for finding tha conneotiona when we do not 
know the diagonal, lt ie very aimiler to the xxxxyxt beginning of 
tha зада, in principle. It depends on making hypotheses waris 
about pairs of lettera baing on tha aare rod, and drawing conoluelone 
хп? Хуаккилихк и to tha effect that other paire of latters are on the 
erme rod, Suppose for example thet in our orib were the following 


conetsta ions 
> 5 


x 2 ща р 0 


"Bd $1 32 57 58 85 84 
А E т Е T U Е що 
FG T R Р R 


We migh t make th s hypothesis thet on tha rod whidh hee А in 
column 5 there is @ in column 6, Wa could then infer that there 
wae another rod with Fand Е in columns 5,6, and likewiee года 
TR, PU end this confirme our hypotheeia that there wes a rod AG, 
Procaeding in this way we сап with sufficient matariel find 
sufficiently much of aome of the rods to be able їо find the 
die-onal by ths easa method, The amount of material пеедад іе 
vary great, Wa adopt а measure aimilar to the one for ‘adding up" 
viz 
(1ength-39)X equare of əveraga corrected deoth 

I believe it is practically im»ossible to solve nny problem with 
this шепзиге less then 8000, It zmmfdxxtuwzirkw should ba vossible 
for 5000 but might sometimes involva s gre-t daal of lehous, With | 
the exemple given here the шеязига is hoo. 

When th е materiel ie sufficient we avoid taking h ypothesas at 
random, and ohooes опаа wh фоћ we can saa imumüiztuiyrtm without 
very mich analysis, to lead to ax confirmation. This would ba | 


the casa for example with theae conetatione 


5 6 31 38 
R E R E 
У D v D 


Either the hypothesis that E fo$lows R ог thet D followe it on a 
rod would be immédistely confirmed. In the abaence of other 
informstion the probability thet one or other of these 


— — 


4v 


hypoth eses 1e cofreot 1s ebout 79%, Our first job therefore 1з 

to look for euoh oonfiguretions of letters. А11 that we heve to 

do is to snelyse tha шийкг? ат constetetione which have их? ки 

the seme right hand wheel position, end ring round епу repetitione, 

We then write out the ringed oonststetions on e seperete sheet 

(Fig i4 ). With the firet ocourrenoe of eeoh oonetr tation we x 

give e number shewing how far on tis other ocourrence 1з, 

This mhxrkxxr plan elso shews us where the T.O, 1e likely to be, 

It should be mentioned that in the osse of this material there 

were two pro aa the OF Sania of spotting the turnover ie this , 

Coneider for exemple the constetetione HE et b,II and b,X епа | 

JE st i,IIend 1,X, The first pair of these oonetetetions 

shows that there must Ц ave been e mouptiz pait in common between 

the coupling et b,II епі b,X , Likewise there must be one in 

common between those et j,II end 1,Х „ It is therefore feirly 

likely that there is no turnover between 5,11 end EyX 1,11, es if 

there hed been 1t would have been quite likely thet efter tre 

"T.O, there would no longer have been n peir in oommon in the 

oouplings, The.evidenoe from e single euch instanoe is rather 

elight, but with ето materiel as we heve in out present problem 

we сеп fix 15 Фефсоброносхисежейуь with no doubt et ell, es ooourrinz 

between 2 snd e end between m and n, 4 
It is worth while writing down ell the favourable hypotheses 

under the pairs of columns of the rod square invàlved fFig зи Ns 

We have done thie only for the pert е бо №, end find that in five | 

овевз there ere two fevourable hypotheses viz, ool, b with e 

ool, bwith h, ool, d with j , col, e with 1, end ool g with 4, We 

hope thet in some of these ceees the fevoursble hypotheses will 

imply one snother, making them both virtually certain, КИЕКИЛЛУХ | 

ЗитЕнахакикти? х си кил хкитухиникгай а КсиняхкитКняк, The ooneequenoes | 

of these hypotheseshre ehewn in Figs 14 ^ , The notation is thie. 

An erpreesion like OF under the hend 'dénto 4! meens that the rod 

with @ in ool, d has & F in ool, j, and the strokes !áining theee 

mesn that one cen be deduced from the other, In the oese of g ¿nto Рр. 

the two hypotheses e e еззеп Ме Пу the з=те end we heve en Wmmediete 


4> 


confirmation, With b énto h we find that both of the first 
alternatives of the ne hynathesis contradict both alternativas 
of the other, With d Asi j we manage to connect the two par 
hypotheees togethar and with е énto i we fail te connect but tha 
спа of the hypothesee confirms itself, wr The information 
we have obtained about the rods from thie ie axpreseod in the Fig 4la 
In order to avoid bogus confirmations in what follows it is as well 
whenever we make a deduction to oroee out Yk one of the 
conetations ueed int the deduction, Фишяихи Up to this point 
the oroseing out hes been dene with red strokee elenting un to 
the right.(Grean vertical strokee were очей to aliminete 
repetitions o f a constetion, гай vertivel atrokes to remove 
eontradicted constatations.) , From now on for a tima we will usé 
similerly elenting grean strokes, 

Zhe ache ky cK xe anc cien xk secet ccr cra xot crx e m птухна 

Up to now we have eimply baan trying to 'get a etart! , and 
eo long аз we could шатзопа feitly considerable bite of the 
rods square fixed we did not very much сеге whet parts they 
were, But now wa пате got a fully adequate etert, end we should 
coneider a plen of campaign, In generrl what we went is Ximx 


most 
жатимиххи? хжнхахкой хащигих to heyo xama of the letters of the i 


това in columns в, рт p + ¥; p retr Е, €+ оёт ү; 

Eo ue W, of which епу number my coincide, згот1дей y, vite аха 

поп of them 0, 
XSUODEOX maux If wo then find the permutstion which treneforms 


col, f into ool, poqo qan in oyoles a= on p 19 от pie, 
and similarly for col. P^” and col, 44 + v. All ide of W on the 
diegonel will transform tháseinto one another. Wa gat further 
information about e elidé of F on th e disconel by finding 
the eubstitutions thet trenaform 001, E into col, Ети, 
end col, b *" into ool, Си”, Between the two sete of 
information we ehould hava enough to reconstruct the diegenal 


(unless ‚(1 end ss long вз the bits of год sre not too їлоопр1өў 
L 


1.4 


In ths present onse we сеп tske the columns с,д,?,6,ј, к; 
giving them the numbers 3,4,6,7,10,11 instead of the lettere thie 


corresponds to P^ 9 , e*l „бе“ , ue , Fv ^ , In order to 


get these oolumneg ve look on Fic 3S tor eftyteble hypotheese to work 
in order to edd in the extra columne, These hypoth e-ee enable us to 
write in exire lettere in the Fig (арпа we continue tofrrite in 
lettere in tnie figure until we rerch e confirmation mxkii em 
rEXEXX or e contrediotion, Until we гевоћ e confirmetion it is 

es well to differentiete the letters th st are certain from the 
reset, The hypotheessthat we eotuelly used were : mark o фифо & 


19-8Е; génto k IEND, After а soneidersble emount of work our 
хкфиХ rode look like Fig „Б. The linee oroesed out ere ones thet 
ћете been smelgemeted with othere, We now think we orn etart to 
look for the diagonel, end therefore make up the vermutatione 
treneforming o into f, à into g , f into 1 and g into k, The notation 
ia that of p is s except thet we ere moetly unetle to complete tha 
breckete, ац À leeve dots. 

o inte 7 
e + aDGYQEVIZTAXHIN ,.„ВСОРН. , „КЕ. e LUB. o Mes «Й... 

4 into g 
oo «КИСМ. , ANSY...GLIT. o o TUQ. o o DEBXOR „o FFEV o «Насо 

f into j 
+o «QOTK, . .UHINGR...BSZW...PFA...CXIM.. (De. обе воће о Мано 

& into k 
„+.1р,.. (EE) ...gP...TYHZ...MQBLUWURG...PA... C... S. ..0...V... 


4 5 
We ћете nowto write th в o into f permutation over the #4 f into # 


TJ, у 
thet the a given letter in mix (o into T-mÉ f into j stende ever 


permutetion, end the f into j over aS. k in such е way 

the seme letter in а into g end'g into к, To get e etert оп thie 
Observe the configur^ tion of the ringed letters, Thio suggeote thst 
we errenge the permutationa in thia wey 


DEYOFVIZTAXHIN 
OR 


е! 


Thie la further oonfirmad тепу times, and we get the permutetions 
errangad like thie 


DOYQEVJIZTAXHIN | MSGOPR 
EBXORANSYGLIJD KWCMTUQ 


(Е QOTK | UHJNGROXIMPFA 
XE) OTYHZ — INDMQBLJWURG 


giving us the partial disromhd slide of 1 

ae BOSZ, , EDNJIHK, o .LAYTOQRF.. „НМОАМ. „ПР ве 

2 must ba followed alther by ETLTWxzr E,L,W,or U , If it ia 

followed by U we get e 


LUB 
ЕР 


and tha diagonal alide аз 


(BCSZUPLXYTOQRFEDNJIHKWNMGAY ) 
Өө те Z is followed by L we heve the bite 


MSGOPR КЕ LUB W 
KWCMTUQ H TPZV 


to fit together, whioh wa find Жлуитая и кукли ихаратка гиххкиех и Ж 
imase, oan only be done like this 


EY (BWUL Wu ya 
HKWCMTUQ) (FPZV) ог like thia (HFPZVEWCMTUQ, 


giving tha diagonal elides 

(EDNJIHK)(...) 

(UP)... 

both q f whioh are impoesibla, If 2 la followed by W we have the 


@ bits 


MSGOPR KE W ШВ 
XWOMTUQ,H — FPZV 


which fit together only as 

(Балоо) (ева) 

end аз before the Eels mekea this impoasáble, Ше 
oannot һауа 2 followed by E beoause of tha impossibility of 


we 
fitting onto E . The aiagorfl is therefore 
H Е - 


BOSSUPLXYTOQRFEDNJIHKWMGAV 


ње 


> 


After tha previous examples that heva bean given it ie herdly 
пасеезагу to explain how to get the uprighte of the various 
wheele after this point. Ths upright of the right hend whssl 
would be obtained by rearranging our bita of rod, and the middle 
wheal by the mathod dasoribad on p. 28 , with ласк we might find 
othar шеезасее on tha asema dey with different L.H.W. poeitione 
and eo find the L.H.W. upright, In the ossa that tha Umkehrwalz 
ie movable this may be rather tricky (meesmamüeeeeemempk), but in 
euoh s о’аах thara are px pbsbly no Steoker, rnd we ehould be 
able to aolva othar daye by eingle wheel prooeesas, with the 
known wh eele in the R.H.W. position, "nd hope for the unknown 
wheala to ooour in the M.W. position, 

In the exemple given above tha disgonel ie soturlly ABGD,,. 
with Steoksr. We might have fuxx hed а hatteé fundementel 
diagonal with Steoker, and of oourse in euoh e безе ws could 
not hava asid whet the fundamental diegonel мае, Ма ehould then 
have hed to ифхихиихених ргообй to try to eolve other daye 
keye by epider methode, without diagonal board, end assuming 
temporarily eome arbitrery d1gon 1, fundamental disgonal, end 


non reoiproosl eteokering, With two ог three auch kaye we 
ehould be able to find the sotuel fundementsl dingonel by 
oomparison of th а ateokered diagonal. 
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© finding new wheels. Stecker knook-out 

+ So fer we heve been denling with the prohlem of getting out the | 
conneotione of en entirely new machine, or one far which we know 
до more then th s diegonel. There is enother problem, that of | 


finding the oonneotione of some newly introduced wh sels, thle 
old wheels, or ^t епу rate some of then, regaining ee well: this 
inoludee th отсе of s chenge of Ufkenrwelz, 

The most hopeful сезе for gettinz out the new wheels 1е when жи 
one of th, s known wheels oocurs in the R.H.W. poeltion. If the 
machine hee no Steoker there ls no difficulty. We solve some пеззедез 
by зіпбаа wh eel ргооеезее, Thie will be slightly more diffioult 

| then when we know the oonnectione of the middle wheel, es we, shell 
| * h eve to guess whet is seta M на телец t turnovers, However 
Xuxfixmborxrkrix when the R.H,W, rod et^rt hes bean found from а 
guess in one turnover it dose not take ппу time to teet e mot згеђађје 
throughout the mee ege (the rods on which the verious letters of the 
meseege oocur oen be written down once for- 411, and the mot probsble 
punohed out end run over the inveree oblong). For eimvlicity let us 
euppose th pt ve heve reed the пезседев right th rough, We then h rve 
the couplings in eevers] turor oonseoubtüve voeitions of the middle 
wheel, end osn epply the methéod of p 28, 29 to find its uvright. 
In the сезе that the msohine hes Steoker we need rather more 
* dete, end vergmuoh more patience, The зог $ of dete thet one needs is 
e orib of length ebout 70, ог elee one of length 28 and depth 2. The 
trouble ebout oribs without eny depth is thet ође uses up the 
e greet many of the oonstetetions wfter between esoh turnover in 
determining the oouplinz, 
An exemple is shewn of хихк e orib of length 18 end depth 2, 
This is to be regerded es one of ixmxgLkrfOxTEiEN Ex xIYwENEGicGDXLR 
greater length which has been out down to allow for turnover, The 
text of th Р orib ie ецот et the to» of Fig 42 . Tuxruxxrx 
леахахи хил  ишюликих их? Е We sre taking the worst безе of 15 
e Steoker, There ere seversl helf-bombes in the orib, snd we deolde to 


ac work with TW, We heve to meke Важи 17576 different hypotheses, 


(epp) oorrseponding£ to the 26 poesible different pleoee on the В.Н. W 


ъ Е 

£x 
ча ча 
"ut иа 
+ E & w 
at 3€ 
„а зе 
12 35 
ча 2 
~ 3 a y 
= Q > 4 
° ~ е 2 
ез зе 
باب‎ 2 
ам 2% 
< = 
em ob 
пъ та “A 
25 -d4 
tu ab 


- 


> > 

~ CS کک یت ی‎ on ERO Cro 
BL Sooty окуи Фе = - 
> X ас > зе wul b > 9 v >> H 


гъза ЕТ P 4:0 u "V0 fy жк ap ff 


* wg пет = ло фи о е < E (v 


YITKRKMNWSEFHEL 
| CUARCZTDEFHMFHIRMW, 


AN 


~ 


RHLNKEFOPAxAaSTCHKLNKRE YLAUM 
ANHRSTATVWEKNOANUVBODKPUKO 


37 


e 


leet leben с м Ыы ma Shik. (sh. alr, 


fg >. 


E TUBUWXGLOFROYWC 


226 с: етимтавни тъ уяачз 


e: . 
Е 


and the poesible diffdrent 'Stecker vslues' of T end W, Any 
assumption ге to the Stecker v-lues of T ehd W xirexz implies 

two rod<peirin ge, end when we ћете set these rods un we cen look 
round end see if there ere eny other Stecker which "ге coneequences 
of the rod pairings anā the Steoker we have ^lre-dy, Апу new 
Stecker we find mey ellow us to oet up more pairs of rode, So we go 
on until either no new consequences олп be drewn (thie теу be rather 
frequently the cese), ob there is n contradiction, If there ie 
confirmation end afterwerde we сеп dr-w no mex further consequences 
it may be worth while bringing in exbre hypotheses, 

In the ectusl working it eoems beet to eet the orib out ве Xn 
Fig hl , eo th et the ocourrenoss of eny letter can ђе epotted et 
once. We write the Stecker veluee of the letters in penoil on the 
righty possibly on = eeperete sheet which slips underneath, In order 
to етоја bogue mE ione we cover up th в oonst^t^tion s with 
ehirt buttons es they sre used, Fig 42 shews the working for the 
correct hypothesis W/E,T/B, The 'oovered! letters are shevwn ringed, 
In order to dhew how the working wes done the etens havebeen 
numbered, the number being put sgainst the con ptet^tion ueeü and 
elso egsinst the Stecker velues or rod pairing which resulted, 

The work es ehewn is not quite complete, It te noesible to go 
further end get the Stecker veluesof 711 lettere except D,X , There 
ere віх or more confirmatione, 

There ere в number of other possibilities besidesWorktnz from 
е helf-bombe, It depends lergely on the number of Stecker expected 
which will be the moet profitable. When the number of Stecker is low 
(eey 6) 1t ie probably best to try helf-bombes 23 unsteckered епа 
to look for clicks which h-ve ell four lettere unsteckered, 

It seems unlikely that thie method 1111 ever be spolied, vartly 
beosuse of the difficulty of obtaining the right kind 'of date, 

However Жив much the erme ê vB оба ва IEEE Ва а deta of the 
kind that erises with the eir enigma, Saerexon e mey find the 
Ringstellung by Herivelismus, end aleo have a oertrin number of i 


constetione °t known window »oeitione arising from CILLI e 


^п 


The тпез1 order may elso be known from CILLIs more "ог lees 
eocuretely. ЖЕ We now make up rods giving, not the effect of going 
through the БАНА. buüthrough ell three wheels, end with the columne 
not corresponding totim ell poesible vositidne, but to the 
positions where there sre known oonstetetione, snd use then 


insteed of the ordinery rode: there is no diffioulty about Т.О. 


Identifioetion of wheals 


Whsn one has found tha eonneotions of а wheel one nstugiealy 
wants to verify thet it is not one of the whaels used in some 
other known machine. А oonfenilent way of doing this is to 
fini hos] substitutions which traneforms ons column of tha 
rod square into the пахі (ses р iga), Thus the class of the wheal 
found on р 86 was 13,8,5,2, ашкыс сес This 
‘glese' is indspendent of what voint of the p sSqu^re we teke 
to bs the top left hand corner, end so is en absolute ohsreoteristio 
of th P wheel, It even temsins the seme if the wheel is used in e 


machine with e different dieconsl, In tha osse of en Umkehrwalz 


we gan farm the elses of the substitution consisting of going 
throughthe U,K.W, end then sliding one position beokwards on tha 
diagonal, А list of charecteristice for the known msolinsa ie géven 


below 
Км йа: ~ оте Railway machine 
1. 19,7 Т.24,2 two epart 18,5,2,% 
II, 14,12 II, 12,8,4,2 
III. 10,8,5,3 III, 14,8,3,1 
U.K.W. 15,9,1,1 UKW, 24,2 
Servios machine Commercial 
I, 15,6,4,3 I, 18,8 
11,16,10 II, 19,7 
ILI. 7,7,6,8 III, 12,9,4,1 
IV, 11,11,2,2 U.K.W. 22,2,1,1 
Y. 9,9,6,2 


VI, 24,8 two epert 9,8,6,3 
Vil. 12,5,5,4 
VIII, 24,2 two spert 22,4 
Џек. А. 9,8,4,2,2,1 
B. 10,7,8,1 
с. 13,8,2,2 
? 


3 


- 


Ünüptsr IV, Siugle-wheel processes, (Unstsckered Enigme) 
We now euppose that we know the connections of the maohine, 


and thet thsre аге no Stecker, This practically preeuppoess 
thet we hve elreedy reed some of the treffic, end therefore 
that we know something of the probable words Жике. ussd, especially 
at th s beginninge end ends of th, e пеззпрзв. Suppoee then thet 

в к 
we think thet а nessege stering TEKSI Tras кх becomee when 
dsciphered  DANZIGVON... Weshall ћете to teke several independent 
hypéitheees ве to which wheel is in the П.Н.Е. position, unlese 
oth pr meesages for the dey have alresdy been solved, Let us suppose 
thet the purple wherl ie on the right, Wefehe 11 then ћете to heke 
26 seperete hypotheess ee to what rod voeition the wh пеезесе 
sterts In, Мижихиксктагхузу Кил сви Кристу хатакин tuer 
zizsxkxrt-ixx»ixrrudtxguxitimux28x , Ws write the messege out in guage 
with the rods, and when trying out the hypothesis that ths 
pre-stert із at 26 оп ths rode we piéck out thefode eterting 
with F end D end ley them with H undsr the D of the message 
end orib ee in Fig 4$, We find on the rods E: position 4 
4 # which impliee th et ths Z of DANZIG should hve been 
enciphsrsd as W instead of та ог else that there wes n turnover 
bstween the D ahd the Z , Аз we do hot think this letter 
alternative very likelype £o on to the hyvothesis thet the 
pre-stert wes st 1, end this elso gives us r contradiction ob | 
else e T.O, So we go оп until we try оге-зфлгф et 4, When we 
пас ио the peir of rods that gives 5 wa find thet it also gávos 
ма fone when we sat up the pair eirinn ө get also Ki This, | 
кихнх together with the faot thet there ere no contradictions, | 
makes it practically oertein that we have found the right год | 
stert, We oen then dsoipher n few more letters of tle messege, | 
essuming th ere wes по T.0, In thie way we get 
DANZIGYON.ANN WAY subessting the decode DANZIGVONWANNHEIM,,, 
with а Т.О, sexewhe»c between the eeeem&-i-uund-ihe-uU-ef 


Н < на Е 4, 


MANNHEIM , £urxtqxwmklyxtaforsxkkw In order to decode more of the 
meesoge wo ehebbevewsmees сеп mither try using the three 
oouplinze after the turnover to resd e little more, Thie ie shewn in 
Fir AW . It ig not possible to fill in the intermediete lettere 
end we heve to find some oth er method, Опе іе tokry decoding after 
the T.O, with varicue assumptiene ebout ke which wheel ie in the 
middle poeition, snd whet rod vosition the М.М. is in, We shell not 
aotually need to do the decoding for erch euch position, "я s 
very large огооогііоп of the possibilities is immediately 
eliminst4d by th еЕЛМ mkrkiXxxeknovwn to ocour after the Qo" 
In Геођ we have ths seven couplings ku, eo, foy Xn ey , tà, vh [before the 
7.0. and the timex x ов, le efter it эро, | 
We килхги ooul treet these couplings with respect tothe middle 
wheel in the езше way ss we trested the originel crib with 
respect to the right h and wheel, However it is not really necessary 
to gst out th e rods, It is easiest to work with the год squere 
end for exch possible poeátion of the middle whesl look end ses 
what coupling before the T.O, ie s coneequence of са sfter the Т.о. 
For exemple there sre tir bite of red red 
12 
МА 
yo 
end therefore if the mas-sge starts in rod »osition 1 for tha 
middle wheel the coupling mv muet hve oocurred before the Т.0. 
in order thet ое mey occur *fte~ it, Consequently this E 
for the middle "heel is imoossible. Thet the middle wheel rods 
cen bs used in this "А amounts to nothing more then thet they | 
cen bs ueed in deoóding in the way described on p. 14,15. In this 
way w^ find that the only possible positionz forthe middle wheel 
tifret} ихиххгїпїхўхиийїх кїйїк eens red 11, and ve have 
for couplings after the T.O. yg, ur, Kt, МА тв ,отуа1 on 
&rxxamri€rrfryjwiikpkrgyxg;tkpounr "па the part of the meeesge 
from th e firet to the eecond 9,0, rende 


VEXUZB- RBZ OQV ETKVLDKSNRDBS 
EIM.GAN E MEETOTER, ІТ...Е. 


~ 
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We сеп fill this in to read, forthe whok message up to thispoint 

yxnrixcrexrrnarzbeixrxr DANZIGVONMANNHEIMXGANZARMEETOTERBITTEBEFEHL, 

The other couplings KX; rf,jz,qi oen now be read off the filled 

eltogether we now heve 

in letters, end ixixxkivwxrwx the oouplings of the M.W, rods 

qo,0r,ob,sx,Wd,Jjm,pE;fi,yü;zl,hw We oen decode eo desoribed in 

Chap II? the two remaining middle wheel oouplings will soon be 

found, | 
We might of oourse uee either the middle wheel oouplings ог 

the righ t hand wheel couplings to find the position of the 

L.H.W. ond U.K.W. end we could then do th s decoding on e mohine 

insteed of on the rode, Methods for doing this will be described in 

the next Ghepter,. The rest of thás ohepter will be devoted to 


msthods of brightsning up the шиг first parts of the process, 


The inverse rods 
Inste-d of picking out the R3H.W. rods ond leying them egainst 

the orib es in Figo 45,44 we might write down the EXEXEXXEX гоё 
oouplinge whioh ere consequences of each of the oon3 tete tions, thus 
wheh testing рге-зђагђ 26 

FKSJTTQNY 

DANZICVON 

отца Kiss 


wjeonnpwy 
The contrediotion whioh we found before by settáng up the pir ow 
n pw shows itself in the form of two oontrediotory oou»lings 
ow,oq, In the oese of pre-stert 4 we have 

FKSITTGHY 

DANZICVON 

ед 
end our confirmations (olioks) show up аз repetitions of the 
ooupiings b un If we eotually did th is we should loss time 
in oompsrison with the original process, but "е can eotually get 
211 the couplings in the different positiondby e more meohenio^l 
method, 

We heve the lines of the inverse square (р. 10) vritten out 


on rode in double length, oelled ‘inverse rods’, We 


" í зе * k с А а, 
Sp е ЦИИ а исп 7: 
SOR AB I РЧ КЕМ он L3U Yd b Ки iq T ка X5 i1 Ем жЕп Ком го у 

ен OOK ThiDwy KE EC Ebo Vo EE db p Ра 
SORA T боб [ав vv уматиз УТ съм ик? claosxtiqaw e VIN A T 
шуу WARD е уммет BMS z те а као Ri 7 y Ув во 
-„мУут е 2 BM fuagtizowüOGHlil2 R$ F cA 3 wy Tl 
әни FT PWRIT га? ylwN z2 То СА На KIA камие та 

z 


> 
„б MS LG като Га yNE T ка & f 1075 vw c Ms ка 


CIS DEDE ву? Ъы кутыру r KS CQ xİN A n Е 
4 умејтгме цтхм 1 гар ¢ xs ма вари узи 


- 


пиро вън рут фмкут отъ | кзсцкмяме 7 
„у Туга м e o сітка х каје vvivin? e u мутат с 
им ТА CC ТОНИ алъ сИ o = 
2 EN AML м PS ЖА къ Mela z и yee ке ур. ШЫ 
охе КЕТ газ 1 SJC n b мүт KRARANP KE Pe2aowBH I м 


n хи 
ку цака зле! û o « TIS)» c им т! ум 6é FKÎxF i в ка v a zie пей, o 


we Цеутмо ъв Ваке? x ejut в ра yá hje  & маи y 
- 6 ОИК И „Їз „у; B үт очка Н шал n 
Pe St Ра ул лн FK $ плажу 

е +e 73 ла e DANZIAaAVON 


И 
= 
~ 
pa 
съ 


Fie Г ам 854 Е KW «Kx 
яма гоьчуом 
FuMzvwWRPEZckHR 61 1 DEY 
$ Ë кыз гово PM ке S S ме EE B8 


Fu 45 Така gree shut 26 


tess Ff any, af €< V Kx 
мага Хес ANNA N 

3 ТЕХ Мама klo u vc idle en 
(FAR Ахас Дау ві чег гап кт у 


uu MEE REM o 


6 C n nl v Ра m v F wht Ts 2 о a 
vIn e eft ald АТ г?! в ме p тік « s v ñ 
а ~ къ r nlv we x а свожм!У на gay 
а “> 
Дай ре — 3 L коме» £ 6 2 w 
lok yw CAT wY АсЦ/къот топур 


я 


lev 4 моје ь [У] 5 о 


€ wt ~ с mir wail 
L Brida т 3 ~ ~ 
aar cuc aro Чо 
= x вом st нејм вар Rwyt 


о 
с 


* о ог: вис гама ñ ç Ву 


Бедь. 
Тан ote 


ка 
а o ЕК 


Е. Семена тп afte ۵ 


Не Ато фУЕТКУ LDKSWR 


AERA o ү{ ек > de а av € 
а мї x 


gw Бе 


BS 


ss a lS nnn :5 


| 
| 


^ 


ندم و چ ص چ r‏ 7 


= ЧУ 


ибо os gH ew EP € ^ x p ok же oe m & Q= 


гласе xX — ах гејм we ~ спаль = p 


со 
о о 


LEA 


кошари عر‎ € лот wow ü x se x STP e 


& 2£-PxX;w9cms^,s о а а хх 


u- y Z Gn < с к-с 59 д =s = РТР > 9 - СМ ул = © 


Це 7. Пак играње , так моа“ 


89 


pick ıt the хийх inverse rode nemed after the letters in th» 
orib, end ley them down in paire, steg ering them backwards, This 
is beat seen in Fig 46 , The various columna in this eet-up 
ehow us the verloue rod couplings whioh nre oonsequencee of the 
crib end various hypotheses as to th e pre-etert, In the figure 
$he-pre-eterts hve been written along the top, but this is not 
pert of the отша1 routine, With thle method we can ersily see 
contrediotione whioh ere independent of where the Т.О, ocours 
ед, for pre-start 1 we heye the couplings wi, wl,jl arising 
from the orib in that order. There must be а Т.О, between the 
wi end ths wl end elso between the wl ond jl, whioh, apart fiu 
double 7,0, А is imvoseible, 

Maske 


Th ere ie another 
ХНЕЕЕКЕ method which gives essen Мяу a ® seme reeult as the 


inverse года and seems to be altlittle ee to require rether 
lees permanen ў apparatus, We need to ћете th e inverse squeres 
written out with part of the beginning of the square герегђед 
eggin at the Eee, end in rather smell letters, In order to 
work а particuler orib we take some рао д in ебе with the 
inverse oblong and write the diagonal down the side of 1%, end 
XWNEEWIx:l]2ii2:X*lInXK о“ Бичу ред сеен зорати Ee 
EZEZXiXI write the orib elong the bottom, Then for each letter of 
the crib (either oode or decode) we punch e hole Hirt in the 
oolumn in whioh it oocure, end in th e line педей efter it 

(Fig 47). We then move this mask over the inverse oblong, Esch 
pASition of th e mask оотгезтопдз to я different otert on the rode, 
Th e peir of letters ehewinz through the two holes in a colum 


give th e coupling whioh ie e oohsequence of the constetetion written 


in th et oolumn{Fig 48), 
Another advantage of 1119 method ie thet we cen test all 
colours with one mask. Thie edvantage oan however also be got by 


making inveree rods with all the ooluurs on one rod, 


E 


Charts. 

When w^ want to try thessams dedode for xwrw e grest meny 
different meseages, end perhapa for meny different -leoas in tha 
eam messegs it may be worth while, maks special stetietios for 
that orib., Ws сеп make atetistioa of the positions in which there 
will b s 'olicks!, There is quite e problem es to ths farm in 
which the stetistios ought to bs presented, I will dsseribe two 
forms which have sotually been used; namsd aftar tha prinoipal 


cribs for which they were made, First howaver I must axplein 


tha terminology I shell uee, Let us teks tie зхятр а ths orib 


XBRUESSELXX fitted onta e part of the messegs AEIRCMTWBZJ, There 
is а в Цок as shewn bslow 


19 20 21 22 23 24 24 2 в 8 rod positions 
А 4 35 dz qu XM e В\2 J message 

X B R U E.S 8 /E\/L)X X orib 

NV Y L C 0 T ИВ р U rod 

D G б K W C U \E/\L/ A B rod 


As the constatation_s of the oliok sre oonsaoutiva I shall say thet 
ths 'oliok distance*ia t. W is 0а1184 the 'first cipher letter! 
and B th e second cipher lettsr, E ths first "пі L th e завода 
torib lsttersi As tha firat latter of the orib comes et rod position 
19 we шїї esy thet tha 'rod stert! is 19. As th e first orib lettar 
E 1slthe aigh teh lattar of the orib we sry thet tha orib position 
of ths click "s B, 
PERCOMMANDANTEZ]charts, 

Thie is the parfaot form of ohart for usa wh en the po: ition 
of the orib in the maessge is known sxactly. Ths ole rt has severel 
mejor divieions according to ths different possibla first orib 
letters, Esoh of these major divisions is further ditided into 
lines leballed with the sscoand crib lstters, snd columns labeliad 
with the first cipher lstters, In the remimnz reaulting small 


Ad 


1 


reotenles rre written the eecon d oi»her letter and tle rod start, 
Thus th e eighth me j or divieion of ғ PERCOMMANDANTE tyne ohart 
made out for XBRUESSELXX would look like thia 


A B MNT Ue w Жу. 
ЕЁ В 19 
gx? 

xs 


all entries apart from the one oorreeponding to the oliok shown in 
Fig АА having been omitted. The DINE. written above sn f tothe 
righ t of the letters in the n ames of the rows dietinguish between 
diffevent occurrences of the erme letter in the orib, By writing tha 
messege down"»rdin guege with the lines of th e ohsrt it је very епзу 
to see the phssible olicke, We note down th e код etarts, end, if 
we find one of th вт гервеђед try it out by th s method desoribed et Ó 
the beginning of the оћерђег, 
BRUESSEL tyr ohirts, 

These have the sdvantage over the PERCOMMANDANTE type oh? tte 
th et one oan inveetigate 211 poseible 299451005 of the orib in the 
messege without doin в them all in Дете пдепф1у, but it В ре some 
EXUXEAXXSELimxEIRix oounterbslenoing jis^dventagee, In tha form in 
whioh they were made for the Railway trsffio ^11 three ooloure 
were put ошжишхи togeth er and there were sepsrate eheets for the 
different click distances. I now think thet it might be better to 
separets the ooloure and to heve three or four oliok dietenoes 
on s sheet, In епу oeee the sheets ега further divided into 
lines soocordin д to the different first oivher lettere end the 
entries in the linesxre consist of the eeocon déoiphar letter, 
the rod et-rt and the orib poeition of the oliok, Thus the oliok 
shewn in Tig A would be repreeented on eheet I in line W by the 
entry B 198 in green.The chart із usually used one eheet et а time, | 


— ~ 


qi 


the meeesge is written out with plenty of room for entrise below 1%. 


Whilst using sheet I wuxkoor for e-oh letter of the meessge wë teke 

e the oorreeponding line of the sheet end look in it for the letter 
which oomee next inthe messege., For eaoh suoh entry thet we find we 
илхитинхиптухшихуши enter the rod stert on the messege under the 
letter whioh eorresponds tothe first ÉxwfrxNENE letter of the orib. 
We know where this is beosuse the entry on the ohart gives the 


orib position, When we get Жиш ths seme number twioe in e oolunn 
we са oorreeponding rod position end position in the пезезде, 

А poeeibls improvement of the lay out whioh might combine ths 
süventegea of the PERCOMMANDANTE end BRUESSEL type ohsrts would be 
to teke e feirly wide columnfor eeoh click dietrnoe, 211 the 


oolumns being th s eame width, xmüxigrxEwxm instend of heving 


seperate sheets, snd to make the linse feirly deep. The message oould | 
then be vritten out in вурве with the ohart, However I em efreid thet 
thie might jd both ohert and meesege un wieldg. kxethurxpossibiax 
inuprevaxeutwexgrixuerxtoAn olternetivs poseivle improvement would 

be to h.-ve eepsrete columns far the different сеоба letters è 

This would eleo meen having rether larga oharts, beosuse of the 


great verietion of the number of letters thet would heve to gointo 
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king of charts 
Although thara is so much room for variation in the form 


which a chert can bake the manner in which they are made is 

fairly stareotyped. Th are are two kinds of click to be catalogued, 
calded'direct'and 'orose', Direct clicks arethose in which both 
lettars of tha crib ooour én th е same rod, Both clicks in Fig 44 


"are direot clicks. Croaa clicks have one of the orib lettera on 


опе rod end the other on the other, 

Wh en cataloguing cross clicks we шаке 26 pictures like Fig 50, 
by writing the orib diagonally and filling up а square with rods, 
and finally copying the laft lowar hsif intotha right upper h alf 
symmetrically across the diagonal, Tha different pictures 

EON ша. эз ce о У 

correüpond to'different rod starts, Hach square abova the diagonal 
gives us en entry for tha chart. Tha lower latter ia the first 
cipher letter,and the upoar ie tha second cipher letter, The row 
gives the click position, 1.6, with a BRUESSEL type chert the 
n umber in the ‘indax' position, The oliok distance (i,e.the shest, 
with BRUESSEL type) із datérminad by how far th e square is from the 
central disgomnai; in. tha figure tha squerea corrasponding to 
click dist&£noe III ara ringed in рапо11, With a PERCOMMANDANTE type 
chart we should not use the diagonals butithe columns, Some of tha 

iexoxteioguingxtinmextiznectrtisxs 
aqueres do not correspond to poasñbla entries, аа thay could only 
ат ае from rods paired with th emselvea, Thase mat squares ета bean 
crossed out in Fig $P , 

For cataloguing direot clicks we heveto find all cases in which 
a pair of latters on » rod can fit with а pair of lattera of the 


orib, e.g, 
AXE а orib 
DG G K wq џи! тоа 


Each auch case will giva us #5 different entrias in the oh art, 


КА 


all with the sams oliok distance, год start and crib positionx, 
In oatsloguing these either in a PERCOMMANDANRE or a BRUESSEL 
ohart it is euffioient if we put the second cipher lettere all in 
aimijar positione and only once en&erthe reya inin g information, 


for eaoh est of 25, 


X-oharts 

Sometimes one will find meesrcea with about 30% of X's in the 
deoode, Thess oen be got out by а "ма jobity тое! method, looking 
for the R.H.W. starting position whioh gáves the greatest number of 
olioks if we eesume the meesage to вву XXXXX all through, 
If there are adtually 30% of X's there will be sbout 82 genuine 
olioks between Xta per Т.О. : there will aleo be an average of 
ebout 0.5 шїїх apparent olioke arising from lettere which are not X, 
giving sltogeth er 2,7 olioks рег Т.0. with the oorrsot etart. Wath 
the wrong atart we have one bogus click рег T.O, If we do not 
kn of where the Т.О. is these füguree have to be modified, In the 
righ t го we heve 3,7 olioke per length of 26, «nd in the 
wrong place 8.0, 

Тихи Тжигихкгехфмюхгохинхо? Е кийих уухопит нтоцгей г ърлКицек ак 
гидхшняхуухтат а. With X-oharts there sre less verinbles 
involved then with ordinary cherte, ss th ere ie no question 
ae to wh ere the crib should be eet against the measege, The 
variables involved therefore are the firet and eecond изфакхук 
cipher lettere, the oliok distance, and the rod poeition ofthe 
firet conatatation of the о1іск. There are two waye of eetting the 
ohert out, one favoured by Kendrick and one by Turing, 

With Turing'e form of chert timrfirsixsipka there are 26 linee 
named efter the first оірђег letters and 26 columns oorreevonding to 
the poesible oliok distances, The second ciptter letter an d the 


rod position are entered in the equere, The ohart orn be used by 
writing the meseage out in gauge with the ohart, end putting 
each letter in turn over the eorreeponding letter in the left -hand 


=> 


7 
column whioh nemes the lines, end looking for eech letter mf 
among the next 26 of the meesege in the equsre of the ohart 
direotiy below it, Жахіїйхяихаткехкхишія XZfrikREIEWIXWEXIEEXiNXLrk EI 
irixzrxwzritkerxs In noting the oliok down we шихжкхьми ocloulste 
th е implied rod start of the messege by eubtreoting the voeition 
in th e meesage of th e first oipher letter from the rod voeition 
of the first oiplier letter, i.e, the number in the equere, We 
enter egsinst thie rod start th ө position in the me-osge of t> 
firet oiplier letter, The rod start with the greatest number of 
entries egeinst it is presumed to be th e right one, To tusi reed 
the mesesze after we heve found th e R.H.W, rod etert we овп 
try eetting up th e госз giving the olioke end see if this results 
in any further iden tifiosbione, but this hardly ever givee th? 
solution, Жи The generslly scoepted method із to teke xixrvjfurity 
хефих the oouplings giving the olioke snd note down from e 
ostelogue the рћебез in whioh they oouid осомг, end then take e 
tmajorlty vote', 

Та mekin g en X-ohart we oen make а ect-up like Fig 5? , Thie 
will meseure 26 x 26 end wiikrümifarrxit only one of them will be 
needed, It will eimply oonsist of ғ год-замеге rearrenged with tha 
Xe down th e diagonal, When making th e entries fo e partiouler 


velus of 


rod poeition of the fifet oonetetetion of theoliok (1.е, the 
entries wh ere е partiouler number ie written іп the equare}we оору 
down e line from the resrrenged рс В immediate ly 
efter the X, soross the top of the rod square, and aleo the oolunn 
eterting at the enm X, Eww The entry to be mede inany column 

oa be geen by looking et the top, Having mede these entries we 


rub out the lines st the top end replace them with oth ere, 


In Xendrick'e type of XOchart the mmkxxr nemes of the lines 
the first 


give thx тиж of the olivier lettere/ The oolumns give the position 


seoond оітћег letter end 
of the other oipher letter, end the entry in tha -quare is the 


pesition of th e first oipher letteryxxmirkkw, Thie form of ohart је 
pertioulerly useful when we ћете e hunoh about the rod stert, 


= мм 
74 
Consecutive tebles. 

In the second psrt of the procese, where we ere finding the 
position of the middle whesl we csn speed up ths work by the use of 
consecutive tebles, These sre f two kinds, forward end badkward, 
апа look very like rod equares, The letter in colum 18, sey and 
row R of the forward coneecutive square is th e letter which 
occurs dn column 19 of the rod with R in column 18, The letter 

snd row R 
in colum 18 of the backward consecutive squere is th at which 
occurs in column 17 on the same rod, Like rod squares end inverse 
equares these consecitive squasres 'heve a 4185018111.е, osn be 
ПШ fron е eingle upright by writing ‘the 416207081’ disgonally 
downwards toth е left, In our DANZIGVON exemple we could h sve 
used the beckward consecutives es soon es ё we hed found the 
couplings ku,ep,fx,qn,ey,td,vh,lw before the 7.0. snd sw,oe,le 
sfter it, We should hevs laid rulers sgeinst the lines o,s of the 
beckward consecutive square, end raed off the consequences 
before the T.O, of havin р oe efter it, in the verious possible 
positione of th e middle wheel, end would heve looked to see 
whether th ese consquences were consistent with oub deta, We 
eh ould then heve repeated with ws кийхинихоия их looking only 
et the positione consistent with oa, The forward ooneeoutives cen 
Те used wh en the plsce has been found for reeding off the 
couplings after the Т.О. (elthough this is only s small adventsge), 
ог in e севе whers we heve eterteü from the end of the message end 
worksd backward s, 


бо 


Chapter V, Coupling cetelogues 
When we heve found the rod position of the R.,H,W, ond e few 


couplings for e messege it is possibleto find the poetions of th 
other wheels from e suiteble oetelogue, 

Short oetelogue 

On e method ie to try independently ellthe possible positions 
for the middle whesk, We shell vent to know th e middle wheal 
oouplinge which sre oonsequenoes of these verious eeeumptione, 
This oen be dome by eetting up inverse rods for the middle wheel, 
The rods ere psired off socording to the В.Н.\№ couplinge, i.e. 

M.W. ouput, xzxrimxEizrxir,This hee been done far the the couplings 


ku,fx,ep which erose in the DANZIGVUN orib in Fig 55, assuming 
the red wheel in the middle. The peirs in esoh oolum of thais 


set up give possible M.W. oouplinge. We heve жижу now to find out 
whether these couplings sre poesible. Our procedure is rather diff- 
erent socording ee the U.K.W. does of dose not rotete, Та the 0659 
that the U.K.W. does not гофефа it will be suffioient to ћете е 
БЕУ in she KH scuole Simm exe entered the 
poeition s of the left hend wheel st Wnion EC ee RW is 

one of the psirs in the L.H.W, output saraton This ie Кпо ss 
the "short catalogue? for thie wheel. To use it in oonneotlon with 
th e DANZIGVON orib we should teke eech oolum of Fig $B in turn 
end look up the peirs in it on the short cetslogueend see if 811 the 
squares hed e number in ссштой. If we found euoh e сезе th e number 
in the square would give the LeH.W. rod phsition, and the column of 
ath Fig SË would give the M.W. position, Actually the U.K.W. rotetes 
for our eremple so thet we should have no success. 

In th e osse thet th e U.K.W. rotstes we need essentielly the 

esme short oatelogue, but we arrenge it elightly differently. 

In steed of th e lines of the oetelogue corresvonding to fixed 
Output letters they SOL to fixed disteces on the па " 
between the output lettere, This my be asen from Figa 6563 whioh 
illustrete euoh е oetelogue,. The psiringe ere written ebove the 


murikiuzxriniwrimic o kuayxmacukr figures giving the posétions ar 


Ji 3 2 
об š Ви 7] I 
3 Кы 26 16 LINE ае lis. 
EG = Дир и , ECT ELI" 
2 E та: г Ru m | d , 4 -- 
N 09 yT а. 142. Е HW & 2 | + 7 ا2‎ 
! š id e l. ^w. П ao we 45. = t š. ud Sk d 
Ib 55: М ape ё ара چ ۾‎ UNE: se igs ELEME 
Ё ANE ~ 3 j 25. (је. у 
UF ы. m Къ leas d à V bts, Я del ни PRG 
| А, di. mi | s long ОШ KNIL i 
о "d Е кај = pec e 4m “ p 
јаз s 2% 26. š! » DEL. ШИ Ж —— UNE 
albe и "Pus Ñ REM 
ST s ра Ч = FT | ü < «| E Зе ар. 
n | | Nye a 26 RIA ‚© 
D [ а. x. | PL dk "NE s. et k E 
pg c 4a. с 3 ч 592625 в „е ез MC [е 
ТЫҢ асл AT OST DE, 
RY {Ж اک‎ OU ja М аб он 267 
ТСИ ie LEVE X 
P L we В: Ses Aay 98 ies [ЖП TH 3 в ie п 
g^. RAD ES “+ ад. 134 I | | Lu T 
^ 12.4 2 Ва S Зе | 4 — ا‎ E | pe Я E. 
ща Se |; qc 9 м i ——— A 1 3y К я ЕЈ o №. 
6 P: й? т) š = в. ne је ihe. 18 # >18 
$ + 4. 36 а. 3. | Ж к 26 тон IS. E ae 1-937 | Raa, j 
E x eie & gie 4 ^ EIS я б 7 &®% 5%. 
v d ка -T v -—PQÓ £ E дек an| Е P 05. 
у = | S E ^. ‚ в} 
8% У qX в T M3 Pone p ES а, Wes ә 
N* phs < ape d de ыа wl 64 
316,4 n ; n. 28. peT 7 & aie би, < 
"7928 2i а | ITI [TY aig EI Р 
[rs xu E 5. k № it кр Qa 216 * A. 
ME f и bk. + 4 и. т ыз LOT x‘ 
e Í 
и 6 > 2. ы та. pont % | د‎ ба 3 4 
а = $ $25 m | E fo 16. Ф 
= еы 9. £26 — 18 1. 
го ñ š = > 12 и 28. Li ГА * 
E 2 Е | چچ و‎ = Ж | М 
А H "d — 1% Ли 
| м X CN B pg = 2 
NMC 


wie, 
meet | 
и I т с 


а» 


в 


"ато epu 


77 8775 | 
— 


TAT I 


N 


Ре pv in Тм КАРЬ уд xw бе 
и | 


гле | 25 
| 


оу 


10 


бе у: кљ ér: 


~ 
о 


nm 
119 dk 


erp um 


1 


i 
| 


г wen LX oL ^v SB ам (FN па Pa ју КЕТА Tr ка Gu 
T9 


QBUS He th 14 448 مور‎ 25^ 


Чак TT cpm 
diy oun ov rk х ва Ны Ге а Priya xu m 


qw МЕРА ТЕ УМ | 100 ass 


yt Рали diis — X^ = гумвљ мма пъ. «| 


2 вар vp 


де 17 
q^ CED CTA 
14 4 
19 ‚8 


w >! ы 


+ TY 


r изкртгган Hi ЈокљРА Yy dau SV E 
THU Fike 09 р-у 4x yc E v BB lew 
Q$ wDKFROTH 2 


1 > wt МР“ ыт rs 


е TW b | zi | e d ij g 
за ct ee ° 6 lip AR rs E # 7 25 $ 13 $ 
аи мига TY TIV OTR o зе а на <P ку dia DID ИДЕ «In ae 
TE ER и = pcm rd 2. RE RN T p 5 м 
«4 ҮШҮ, шу ly = 7 ا‎ DS" es a es с“ | 5 м ° e 
qXwirzReTIZOoVA! 06350646 DAES AKHP Ty км Ре yv BRENVA GL ка сы, Lar 
| | | | | | 
т - que NC | и bt Y а и cE "4 47 jal 1 = 
тъга и R (fo zmus ID e (еј ui мат HY Y IC d xwv спуг qvi WLR 
| 
t T т 
+ = але ще . аз 13 | : Ka юм те 9 Tw 
ЦЕ МОИ ДО ГА 15 UD об И ГЭК? ду mw € ку Pn и” хп CL v á fs wna LX 
— Е. | в & жш .. — Ai 3 | 
9 . |: 44 DESC. 
(дон и 73 къ? ву ах t Тук? мупха S 
S^ f fé | 16 ^ 
а E "| te | 16 š 3 ' TEE UNE | #5 Ed 
cub ibl AKSP Dye nae кутум блу ROMY FB RI na см 
5 5 [/4 Lek ӯ | 1,18 P 
14 "Ej «еа | г: do a i 


fin Tp. уа мыс viet wane fi 


| 


TAL Payw kee + ZVO Ol Le 


з. > 


7 ~ y I 3 | 7. 


Am os үй M 


it 


УМЕ 
| - + крие M 7 

KIP 27 пет C аи GN {tad 
| ; 
176 ++ ^ 
LAC C Ae > 


@ № DB руд п вА 


Га lew и di г c uS | von ALCS 


- - -EA === 

a ° T NT | b 577 3,10 
i 23 5 6 я En 9 (u to m da cum om P. 7 ла E. + 128 
ef wh LER ITH 2P му ¿(x OC утв рм пса ај ки pk yT 2 qu BO NS LD 
ч v | | ¥ T А KARTE 
| Ue ~“ (4 RA [5 4 Ly | b .6 | "3 hep - "$í is ща 14 E I | 
А СРТ кт Ђуук: с OV FE Умом ДУ TU КАРТ xC CI v 0 65 мз n > LF 

(3 | | 
3 ~ 3 8 
š. | ~ оби i їз ا‎ dg ts ^ og 


а 
9-м ЗЕ 
90 на 
"£x AY 
га ~ ха 
лег мъ. 
29g zZz- 
Тон мо 
Ace -Z 
Tr- yw 
еди => 
‘Cpe OE 
с Zw не 
У ot Ем 
< wg 90 
| = > Qu 
o> O 4 
V = ве 
ае Ux 
ам uq 
ча aw 
£ wu та 
ua E 
- хо че 
os ча 
- ча «з 
2 20 
Ко БАЧ 


Wa Ф > 
ev ма 
GZ or 
па Јо 
x 4d 
о~ xt 
= Wis 
JA > 
scc (2) Z 
22 ум 
о> Zr 
Ө > ха 
xn со 
TÉ «о 
=Z +w 
aw ах 
МЕ Q— 
Ne =z 
-I1 ха 
ux но 
"92 об 
xO we 
об iz ré 
eo > (0 
40 as 
qi «o 


а > =m d 
Фо Qe 
та. 9- 
-QV -х 
>24 Og 
ч Oa 
ах qv 
> ~ c 
та v9 
u@ оү 
ха стао. 
= m Ше 
Gir пе 
ме >т 
qd 2» 
> ~ AD 
>, XO 
ok x u 
оф 24 
че al 
ox FZ 
<> -— 
ат ша 
хм uN 
x = а € 
zx Ј> 
uw Еб 


A 0047 


g Им ore ИМ, dw 


Руби. бум 


4 Chet сал o 


ФФ... 
Gnaw 


P d б” 


of th e L.H.W. in which these peirings occur, the U.K,W. berg 
understood to be in the zero poeition , E&ther form of ehort 
catelogue may be msde by setting up the L.H.W. rode peired 
according to the U.K.W. es in fig >, and analysing the resulting 
peirs, U ud 

То understand the use of the sh ort ost^logus when the 
П.К. rotetes we must xmtimx remember thet if the UsK.W. end 
L.H,W, ere rotated in step the effeot is e thhmm elide along the 
dieconal of the resulting peire, If we sre given notunl pairs 
Таг which the U.K.W. wae not in the zero position we oan elide 
the pairs elong the 44560051 until we heve pairs which would heve 
ocourred with the U.K.W. in the zero position, This will ehow up 
on the oetslogue beceuse there will be a iar in common in th е 
equares under these poire zx, For instenoe in th e osse ofthe 
DANAIGVON orib та found the middle wheel to be imps red in 
phsition 1$. This gives the middle wheel ПН 
ез consequences of the R.H.W. couplings on,uk,fr,ep , These oen be 
rend off from Fic sY, elthough of oourse wa should only set up the 
М.\, inverse rods in s osea where we did not know the M.W. vosition, 
If we slide яюуїхүшнүкш риухитихуиуирг, п, еу, пу ten pleces forwerd 
slong the disgonelwe get wg,mi,zf,ke, ond in ench of the squares 
wg, ni,zf, ke on the green (L.H.W.) short cetrlogue we find the 
number 4, i.e, these рејте occur et U.K.W, O L.H.W. 4; consequsntiy 
Qn,... oocur et U.K.W, 10,L.H.W.14. Th e mechanional process 
would ectually be to teke рг on the emsll eheet of the cetalogue 
end Ту it egeinet ve on the lərgə sheet, Thie eutomatioally resulte 
in wg епа e being together end ell other peirs of peirs resulting 
from sláding pr,ev slong the diegonel, We look in the peirs of 
equareeto ees if there ere numbers in oommom, When we find suoh e 
osse we hevs to look in e third square resulting from eliding nm. 
It із es well therefore to heve rulers in geuge with the 
cetalogue to meesure off the distances, Having found the righ t 
amount of slide forwerd on the diagonal, i.e. to th e richt in the 
catalogue we celculste the poeltions of the whesle from the farmulee 
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U.K.We position = slide forward on diagonal 


Т.Б.М. position = number in square ~ elide 


The Turing sheets 

The ehort catalogue should work verg well when the Umkehrwalz 
rotates, and there ie no information xkmm connecting the poetiton 
of the U.K.W. with the positione of the other wheelsyrezrthe, In 
the саве of e fixed U.K.W. we can often make use of ап analyeie 
of R.H.W. couplinge. 

The ley out of th e сеђајогцев is largely determined by the 
specie] method xkimxrix by which they ere mede, but it seems to be 
reeeonsbly convenient in use, The catalogue ie divided into sheets 
numbered 1 to 15. Eeoh of these sheate coneiets of е 26х26 
equare with margin at top end left hend side, preferably on 1/5" 
geuge. Ялихиилиетигиих ииха пик ћи ха кил ихих и Бигл вага yxp иа 
Яхадипитиакияалх нахут акжакк Бит ъияхшигад ахииданих та <хикий 
жійкхвёхажтиххиваїх ухах otitis идийхихри хуи лии ки 
Suge Dine rx Г питииЗ инятахихиишиихийх тешке, One suoh sheet ie 
ehown in Fig sb pertly constructed, The letters and numbere in 
ink era the only ones oonoerned when the eheets are being used, the 
others being part of th e conatructioh, anā left on to help in 
treoing errors, The entries 10,18,21 in the aquere in column 
15 ар d the row with KV in the margin mean ИЕ с KY 
oocure when the M.W, ie in poeition 15 end L.H.W. іп епу of the 
positions 10,18,21. In order to find the pooitione et whioh two 
couplinge oen occur we have only to find the oorreeponding linee 
of the catelogue sgeinst one another and compare the numbers in the 
edjecent equaree, It ie feirly eaey to find the right sheet 
b ecause the number of the eheet gives the distence along the 
diegonal of the two letters of the pair, e.g. К and У are at 5 
dietance $ along the diagonal (KPYXCY)and КУ socurs on sheet 5. 


e 


Construotüén of the Tur sheete 

Tha construction of tha catalogue dependa on making slmost 
simultanaously 411 tha antrias corresponding to pmkrxrfmr oaacs 
in which the ourrent flowe through tha esama two wiree of the M.W, 
In the partially constructed sheet 5 in Fig 5b eome of the 
diegonels have baen fillad in fully, snd eaoh of thase oorrasvonds 
to a pair of wires of the Mol. Аз the М.М. rotates the rod 
points at the right hend ands of th a wires mova stesdily 
baokwarde slong "һе ddagonel', Wa вее Жикскийяк also thet ss wt 
move slong the fillad in diegonel the rod vosition sta-dily 
inoresses, end the lettare in the peirings move elida beckwarde 
alongz'the'diagonal', Meanwhile tha left hend ends of the wiras 
are eteadily rotating, so that the midüle whael couplings ate 
eliding slog ‘the disgonsl', The entries in tha squares are the 
positione of the L.H,//. where these M.W. couplings cen ocour, snd t 
tha slide along the disgonal amounts to = diagonal movament along 
the short ostalogua. Take for inst-noe the fff filled in diagonal on 
Fig $b nenrest to the рол ӣіепопт1, The ascordentry onthis 
dieconel is 2,5,16,26 which is tha entry et HL in Fig 51 : next 
along tha diegonel in Big sb is the antry 10 whioh occurs st GM 
in Fig 57 , end зо on , tha dirgånel in Fig Sf baing repented 
beokwerds in Fig 5%. П 

This phenomenon may sy ba axpleinad with refarence to the 
rod equara, insterd of the wheals: thie is really more practical, 
ee we heva to щеке the cetalogue up from the rod square. A possible 
method for making up tha catalogue would have teen this. In e&ch 
square on th e sheets we Er in Tom ша M.W. couplings 
which would be MEC DCN Ура Май, ouput mseeen ct the 
Ме. phsition given by the/oolumn in which th e square ooours, 
То do this ve should ћете to "rita down in eroh line the inversa 
rods nemed after the lattere et the beginning of the line, This 
hes been done in = pert of Fig Sb (son П.Н corner), We ehould 
then heve the square fillad with one inverse (N.W.) equera, with 
top snd bottom revarsed, sn d another such reversed squere somewhat 


displaced upwards, Tha entries in green ink oould be obt^ined by 


И 


€ raphlacing eech pair of pencil lattars by the corresponding 

entry on Fig У! , i.e, by th a position of tha L.H.4. at which 
that pair of lattars ocours as L.H.W/, output, Now the whole of te 
pencil square onn be obteined from its too lins simply by filling 
in along diagonals, Translated into terms of the green ink entries 
this means to say thet wa only naad to ba given tha positions at 
which ih stert copying from the short ost=logus, 

A-otually we сору out the diegonaels of th a short o»talugue 


onto аћаігсаае ahapad atripa (known аз 'Ohristmea decoretiona’ or 
'hend frilla') in reversed order, with the position in th e 
short catelogue written above aroh aquaré, These h¿=nd frilla 
are numbered by th-é (conatant) distence apart on'the diagonal’ 

е of thre paire of letters on tham} e.g. in the hanê fii] shown 
in position for copying in & Fig $b I and Е are at distenos 225 
on qwertzu end so аге D and K, Instead of actually filling ‘dn the 
whole square with pairs of penoil lettera wa take the antries which | 
migh t hava been ше, де in the tov line, en d write them in tha top 
margin, end alao miw put th-a antrias which might hewa gona in the 
left hand oolumn into tha left han? margin. In order to find what 
hane frill to use for a particular disgon-el the diatencas apert 
alon-g qvertzu of tha lettera along the too ere celeuletad, This 
should ba dona quite indapandantly,to give ғ check on incorractly 


© oopied letters (aee 'Myebic numbers'), 
Tha resson for heving the imaginary pod зацегез implied in tha 


consbruotion inverted ie in ordsr thet ths writing of diagonala 
may be from left to right and downwards, which ia considered easiar 


then from right to left end downwards, 
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Solving e short orib 

The iümxr oh ief epplicetiom of the Turing sheets is to the 

when th e U,K.W.does no rotate 
solution of oribsfrom e length of 2 to 6 lettere, We sot up tha 
inverse rods as usuel, but find thet xzxrrtykrxiiriek by no meene 
incorrect 

ell th e arrett poeitions ere eliminated by counling contredictions 
We therefore look to see whether there із еду position in which 
th e couplings oen occur, Теке for exemple th e orib ANX, with 

end wheel order I III ІІ {red,green, purple), U,X.W. pos, 9 
cipher Me We set up th e inverse rods "з in Fig 57 , "а d for 

AR 

eech column of the reeulting eot up compere the lines of the 
cetelogue named efter th e peirs in the column, For eech pair we 
shall wnt to find quickly th-a right sheqt en which to look, end | 
this meeng subtracting the peirs on the diagonal (i.e. finding 
their distence epart on qwesrtzu). To do this we cen either have е £ 
teble of differences or else uce 'myetio number года! 
'Hystio nuubere' 

Fig “8 shows e teble of 'myetio numberet for the red wheel, 
The meening of the table is thie, Теке the Bth line for ev-mnle, 
It could be mede by teking тюй inverse rod Q end inverse rod 0, 


qwertzu 
О being eight pleces on slong the Xixxrxzxt from Q, W- ley the two 


fifth 
the жит? entry in line 5 ie 6, ‘nd the fifth letter af th е red 


rods together end find the differences of th e resulting pekrs; e.g. | 
invefse xyxxrwxix гой Q is Y, the fiftth letter of inverse гой ВО | 
is F, and Y end F ere ES on qvemtzu(FGHIKPY), If then we 

had а set up of inverse rods including the peir QQ we could use 

the eeries of numbers of line Зо? the mystic n umbers to а us 

on which she-ts the verious peirs should be looked up, However we 

cen elso use line В of this tsble on m*ny other оссезі ns, Suppose 
for exemple thet the peir ES of inverse rods is up. The eeties of 
eheets on which we ћете to look is есе 11 riven by line B, but we 

пате to stert in th e third column under Е instead of at the becinnin 
under Q, Quite e convenlen $ er engemen t is to Дете the lines of 

thé table written out on rods in gauge with th e inverse rods and 

of double length, (Thie was once done for the service machine еп 
III, Three lines of th e table were put onto штити three sides of 

Mr Knox's blenk wooden inverse rods, snd the fourth side occupied 
with the letters of the diegoenl, in that orse ЛЕН А BCD... It was 
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not а suooess за the rods were inoorreotly oopied), Рог the orib 


ВЕС 
ANX th ese mystio number rods sre shown in position over the 


inverse rods in Fig 87. Every fifth letter from the too rmx of 
the mystio number table is elso shown, 

Another use for the mystio number table is in the making of the 
Turing sheets, The line of репо numbers =lonÉë the top of епу 
eheet is the lin e of mystio numbers with th e sheet number ^e its 
lime number, end strrting at oolumn L, бела Prga C), ЯТ 

The mystic numbers oan of oourss be мада by notuel eubtreotion 
from the inverse rods, Howefer it is eotuelly sesier to xxYsxtug 
хийххис иж do the oelouletion in terms of tl letters of en 
upright, It turns oùt th-at one oan manage with on-e upright, whioh 
one subtrsots from itself, eteggered vabious "mounts, One oen 
ékxmrxfnrm transfom thee letters into numbers шиж to simplify the 
eubtreotion, Ishall not give the detrils of this, 


EINS cet: logues 

In this ohepter end the lest wa heve not exheusted =11 the 
poeeible methods of deeling with the Unsteokered ап сте, sni enigme 
with known Stecker, When the Umkehrwelz does not rotate we oan 
oetelogue the result of onooding ^ short word suoh ee EINS et 
every poa:ible position, The deteils of this are expleined in Chapter 


. 


Jsffreys sh sets 
In сезез whers the wheel order is unknown it is ussful to 


have &Їїхїїш the positions илити and wheel orders where a coupling 
occurs all catalogued togethsr. In order to make comparison of 
couplings fsasibls one puts ths catelogue into the form of punched 
shsets, which сеп be laid ons on to» of enother, Thsse ere known 
аз Jeffreys shsets. 

T hs actual form of ths Jeffreys she: ts catelogue is this. There 
ars 325 shests labslled АВУАС,...А2,ВС,..., ВА, овореведосо YZ, Bach 
sh sstx meesurss 26"x204/5" plus margins of about three inches, 
They sre divided into xxrxi columns ап inch wids, ae 4/5" 
desp, The whole is furthsr subdivided into squarss 1g" x РБ. о 

а БХ 1" rsótenglss corrssvond to ths different possible rod 
positions of ths L.H. and M.W. The subdivisions of ths reotenglss 
corrsspond to ths twsnty pos ibl whsel orders for L.H.W. end M.W, 
with the fivs first whsels of the ssrvice m-chins. 


Jsffreys-Turing shsets 
Thsrs is а possibility of spseding up th s work with short cribs 


wh’ ге the U,K.W, rotates by making ths Turing sheets in punchsd form, 
Suppose we expand svsry square of ths Turing she-ts into е rectengle 
7/6"x4/5" dividsd into 28 smell squeres, numbsred 1 to 26 with two 
unused, and for sach entry om the Turing sheet punch a hole in the 
corresponding smell square. Thsn th s sffsot of laying two of ths 
sheets on top of ons another, in such a way say that ths linss 

УМ and CR coincidsd would be to give tm us ths positions in which 
ths two couplings VM end CR occur whsn th e U.K.W. is in the zsro 
position; we also gst the positions in which the couplings вах 

slid along qwertzu occur: but thsse eftsr making e corrsetion for 
th e amount of slids are just ths positions at which VMand CR occur 
116144116 all possibls rotations of ths U.K.W. One would presumably 
normally place three shs-ts on to» of ons sanothsr, and thsrs would 
havs to bs four diffsrsnt leyings(becruse ons could not heve ths 
shs-ts in cylindrical form). For this ге=зоп it would bs bsttsr to have 
the shsets in double dspth,but this would probsbly be out of ths 


question, 


OY Mare bar hoT And æ eufl ملتسم‎ : how wpun 
Та eu: бате Сы pe. cm fL s 


l q6 


Сћарђех 71, The stsokered en . Bombe end Spider, 

When ons hse e steckered snigms to 4581 with one- problems 
nsturelly 819148 themselv5s into whist is to bs done to find ths 
Stsoker, and whmt is to bs dons aftarwarde, Unleee the indicating 
system ie vary "811 design өй thsre will be Во problsm nt 211 when 
the Stsoger have bsen foun А , nnd even with = good indlosting 
system we eh"11 be able to epoly xiugtexxiext th e methods of the 
iset two chspters to th s individual meesrgss, The obvious example 
of e good indiosting system is ths Germsn Nevel snigma oiphsr, 
whioh is dealt with ih chapter VI. . This ohaptsr is dsvotsd to 
methods of finding the Steoker, Naturally snough we never find the 

© Зъвокег without et the sams time Гілаіпг muoh other information, 


Cribs, 

The most obvious kind of dats for finding the keys is a 'orib' 
i.5. s message of which s vart of ths dsdode is known, We -^hr1i 
mostly sssume thet our dete is п orib, »ithough sotus!ly it my 
be e numbsr of oohststetions arising form =noth er souroé, e.g. 
| em number of CILLIs or a Nsvel Banberismue, 

FORTYWEEPYYWEEPY methoda. 
It is sometimes possible to find the ksye by penoil snd pspsr | 
Ф methods when the numbsr of Stsoker is not vary great, e.g. 5 to g. 
Ons would hevs to hope thet eeversl of ths oonstetatione of the 
| orib ware 'unstsckered', The bset ohenos would bs if tha ssme 
084$ of letters oocurred twios in the crib (я 'half-bombe!), In 
this osss, essuming 6 or 7 Steoker thsrs vould be e 25% ohrance of 
both oonstetstions bs ing unsteokerüd, The vositions st whioh 
thsss oonstetions oocurred could be found by means of the Turing 
ehsets( if th sre were thres whesle) or ths Jsffreys ehsate, The 
poeitione st which this ooourred eould bs ssvrtetely tested, 
Anoth er possibility is to sst цо th e inverse rods for the orib 
anû to look for olioks, There ie quite a good ohanoe of зру 
í epparent oliok bsáng s resl cliok erising хиш bsosuse 811 four 


lettsrs involved ere unstsokersd, The position ор the right hend 


“и 
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wheel is given by the cólumu of the inveree rod set-up, and we с=п 
findalll poesible pceiti.ns where the oliok coupling oocurs from 
the Turing ehe^ts or the Jeffreys ehe: te. In soms oesee there will 
be other constetations whioh are made u" from lettere supposed to 
be unsteckered because they cocur in th e click, яой these will 
furgher reduce the number of vlecea to be tested, 

These methods h ave both of them given auc essful resulta, but 
they ere not preoticeble for сезеа wh ers there sre many Stecker, or 


even where there rre few Steoker end rm пу whe’ lordera, 


А meohenicel method, The Bombe, 


Now let us turn to the case where there ie < large number of Steck) 


ас many thet eny s-tempt to meke use of the fmoxrth*x uneteokered 
letters is not likely to euoceed, To fix our idees let ue teke e 


perticuler orib, 


1 2 S 4 5 6 7 8 ОТО 11 12 1214 15 16 12718 19 20 лета ал 
D A E D A Q O 2 S52 0 мм кв ТЬМЕ 
K E I N-E 2 МОБ АТ опну : “7 о в B прот 
24 25 
тт 
ат 


Presumably th e method of eolution will devend on Бек пе 4 | ч 
hypotheses ebout perts of the keys end drawing wheat conoluelona ч 
one беп, hoving to get either е confirmation ог a contrediction, 
The parte of tne key s involved ere the rmürxixrirrfrixe wheel 
order, the rod start of the crib, whether there ere eny turnovers 
in the orib and if so where, end th e Stecker, Аа гедегда the 
wh 821 order one le elmost bound to consider 211 of these 
seperetely, lf thé orib were of very #reab length one might make 
n-o essumptlon ebout whet wh eels were in the L.H.. position 
en à MW. poeition, and "poly th а method ve have celled a 
'Steoker knookeout'! (an ettempt of this kind wes made with the 
'Feindseligkeiten'! orib in Мот. '39), жийлЖи or one might sometimes 
make easumpbions ebout the L,H.W/, and Mela but none, until ^ ‘ate 
stege ebout the R.H.W. In this cese we ћете to work entirely 
with constetetions where the R.H,!/, nes the seme position, ТЫа 
method wes used for th e orib from the teexmf Schlueeselzettel of 
the Vorpostenboot, with euscese; however I shell assume that all 


= 
- ® 
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wheel orders ere being trested seperately, Аз regards ths turnover 
one will normally take eever=1 different hypotheses, e.g, 
прото» between positions 1 rnd 5 


2 ы ы m 5 snd 10 
! Qy TO 
5) E " " 10 епа 15 (s 
4) M ш st 15 лла 20 
5) Ы " " 20 -nā 25 


~ 
With the fire: of these hypotheees one would have to leeve/the 


constetations in poeitions 2 to 4 ews, snd similerly in 211 

the other hypotheees four constatetione would hve to be omitted, 

Опе could ef course mansge without leeving out any constr tetons 

st sll if one took 25 different hypotheses, end there will elweys 

be а problem es to whet constatetione сеп best be disvended with, 

In what follows I£ sh А11 sssume we ere working the T,O, hypothesds 
numbered 5) above, We heve not yet made eufficiently many hypotheses 
to be eble to drew eny immediete oonclusions, end must therefore 
either assume something ehout th e Steoker or ebout the rod start, 
If we were to sesume eomething about the Steoker our best chance 
would be to essumethe Steoker values of A enà E, ок of E and I, ae 
че should then beye kim two constetations corrected for Stecker, 
with only two Stecker essumptions, With Turing shects one coulda 
find ell possible places where these constetions occurred, of 

whioh we should, on the rversge, find ebout 28,1. As th sre would 

be ¿626 h_ypotheses of thie kind to be worked we ehould gein very 
little in comparison with separete exeminetion of ell гой starts, 

If there hed not been sny half-bombee in th e orib we should have 
fsred even woree, We therefore work ell vossible hyvothesee ss to the 
rod et: rt, snd to eimplify this we try to find chareoteristios of the 
crib which are independent of the Stecker, Such ohsreoteristios oen 


be seen most eesily if the orib is nut in to the form of a pioture 
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like Fig я ‚ From this pioture we see thet one ohar^otarietio whioh 
ie independent of th e “teoker ie thet there muat be elletter 
whioh enoiphered et either position 2 or position 5 of the oib 
givee tha eema result, Thie may "јео be exvragsed by eaying 
thet th are muet ba elatter xinhrk suoh thet, if it ia впо4он- 
ared eb position 2, snd the result reenoivhared et nosition 5 
tha final result will be the original lettsr. Another euoh 
oondition is that E 680. Kus m letter wht enoinh ered 
suooeesively nt the positions 3,10 must land beok to tha 
original Jette Ren other oonditions of this kind аге thet 
tha suoosasive anoiphermente et positions 2,25,3 or et 
2,9,8,6,24,5 or at 15,12,8,9,5 aterting from tha seme letter 
аз bafore muat 1аей baok to it, Thara ага otter euoh заг аз, 
See 15,12,6,24,3 butthass do not give oonditione independant 
of ths othsrws, Фиягетигиха? и тихи КЕ Тихи ихигв 
Xxit The latter to whioh ell theese multivle enoipherments are 
eppliad ie, of oourse, the Steo-er velua of Е, We shell oall 
E the 'oentrel letter’, Any lettar osn of соџгев be ohosen 

as ‘cantrel latterS, but the ohoioa effeote the series of 
poeitions or 'oheine' Гот the multi»le enoivharmente, There 
ere othsr oonditione, аз wel! тз thasa thet involva the 
multiple encipherments. For inetenoe'the Steckar v-lues' of 
tha lettere in Fig must ell be different, YusxurtutmxkeIXX 
xxXuzgXoXmruxikmrixtisrXIikrixnEEXEXis:xixixExrzrrinagx The Stecker 
velues for E,I,M,2,Q,S,A ere the lettsra thet erdsa nt the 
various etages in the muatiple anoipherments end tha vrlues 
for W,T,V,N,D,K oan be found sin larly.. Thare ie elso the 
iru m the Steoker miet ba eelf-reoiprooal, end the 
othar parte (of Fi а ‚ PÉB-U-0 and R-H vill lso restrict the 
possibilities somawh рф. Of these oonditions tre multipla 
enoipherment one is obviously th | e easiest to ғот1у, гид with 
е orib rs lon g es tha one "Ъоте it-witi-be-reite-suftielent 


thie condition will ba quite sufficient to reduce the mors 

ЖЕ poesibis positions to a number which can be tested by h-end 

methode, It is ectually possible to maka use of eome of the 

oth er conditions mechanicelly е180; thie will be axpleinsd later, 
In order to apply the multiole encipha-mant соле аач си 

netu relly wants to ba eble to perform the multivle anoinharmts 

in one ovarstdon, То do this we пека e new kgind of меси па whioh 

we cell е tletohworth enigme!, There rre two rowa of conteots 

in a Letohworth enigma sach leballad А to Z and celled the 

input mix and output rows: there ere alao moveable wheels, For 

each position of an ordinary enigma there is a corresponding 

poeition of th а letchworth anigma, end if the result of 

enoiphercing Е at this position is Е, then Е on the input row 

of the Letchworth апівте is connected to R on the output row, 

end of course R on the input row to F on tha output row, Such 

а ‘Letchworth anigms' can be mede Жухшил ид like an ordinery 

enigma, but with e11 the wiring tmotephiertax of the moveable 

wheale in duplicate, one setof wires being used far the 

journey towards tha Umkehrwelz, end the othera for the return 

journey, The Umkehrw^lz hes two sete of contsots, one in 

contact with хиш юкикххи хай тениф ли ихияхклих? хуни ха тих 

ЗпяхтиНкиххтивхи? г икхи?хкуахулкимгии? лх ку люк ин PXEYIIEIZE 

mmxkxzkx contact with the inwerd -journey wiring of the L,H,W, 

end one in contest with the outwerd-journey wiring, The 

Umkehrwelz wiring ie from the one set of contects вегоез to the 

other, In the actual design used there were some other differences; 

th e wheele dûd not eotuslly come into contect with one another, 

but each cam: into contect with a 'comumut^tor' bearing 104 fixed 

contecte, “hese contecte would bs eonnaoted by fixed wiring to 

contacte of other commtetors, Thase contacts of the commutstora 


сап be regarded es рһузісг1 countarvarts of the 'rod voints' 


end*output points' for th e wheels. 


La _ "e — анаа 
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o If one hes two of these 'Letohwdrth enigmas’ one ean 
esonnect the output points of the one to the input points of ћ 
the other end th еп the connections through the two enigmes 
between th e two sets of conteets left over will give the 
effect of eucce-sive enciphernents rt the vositions occupied 
by the two enizmse, Naturelly this ven be extended to 
the cese of longer series of епјстаз „пишитийх? the outout 
of sech being oonneeted to th в inout of the next, 

Now let ue return to our orib end see how we could use these 
Letehworth enigmas, For each of our 'chsins' we could set up e 
eeriee of enigmas, We should in feot use 18 еп шев which we 


will name es fllows 


Ф А1,А2 with the respective noeltions 2,5 
В1,В2 5,10 
C1,02,05 2, 23,5 
D1,D2,D5,04,D5,D6 2,9,8,6,24,5 
91,32 JES 84,85, 18 ,12,8,9,5 


Ву 'poeátion 8' we here mesn ‘the position at which the conetr t= 
etion numbered В in the crib, is, under the hyvothesis we nre 
testing, ецроовей to be ећојоћегед', The enigm=s sre connected 
uv in thie wey: output of Al to input of A2: output of B1 to 
input of Ва: output of 01 to input of 02, output of C2 to input 
of 05: ete, This gives us five'oheins of enicmes! which we may 
* 0811 A,B,C,D,E, snd there must be some letter, whioh епојоћ ered 
with eech chein gives itself, We could ersily errenge to heve 
ell five ец aine controlled by one keyboerd, вла to h eve 
five lempboerds shewin g the resultsof the five multiple 
encipherments of the letter on the dvressed key, IfxkierxxmrE 
xxxxxuxirrxxEixkxdtxuk After one ћу'ођћезја es to th rod stert md 
been tested one would ~o on to the next, end this would usuelly 
involve simply moving tle rtizittrms „ЕН. of esch enigma forward 
one plece, When 26 »ositions of the R,H,'", have bern tested th е 
М... must bs made to move forward too, This movement of the 
wheels in step can be very е*з11у dons месһ”ћів-11у, the righ t 
© hend wheels all being driven oontinuously fmm one shaft, end the 
motion of th e other wheele being controlled by а oerry mechanism, 


(Of 


regietering 
It now only remaine to find e meohsnicel method of «i t 


wh ether th р multiple enoipherMent condition ie fulfilled, 
This orn be done nost dimply if we sre willing to test eech 
Steoker velue of the oentrel letter th roughout el! rod starts 
before trying the next Stecker v^l e, ре вазне эбзе пацее за вее б 
РЕН ха йинуахитЕнг иди  #хжухахихи изхикхБихих 
Sup rose we ere inveetig-tiing the osse af where the Steoker velue 
of the oentr»l letterix П ie К. Ме let ax ourrent ente" ^1! of 
the oheine of entgmee et their К input pointe, "п à et the K 
output points of th e chains we put relaye. The топ! pointe of 
the five releg s are put in eeries with ^ battery (злу), end 
ихаиггиикки Ро another relay, A current flows throughthis leet - 
тећеу if end only if e ourrent flowe through ell th e othe- five 
releye,i1,e, if the five multiple enoiph_ermente evblied to K ell 
give K, When thie hepvens the effect is, essentially, to stov the 
machine, =n 4 suoh an ocourrenoe is known et Letchworth se a h 
tetr ight’, An elternetive possibility 18 to have e guiokly 
roteting 'soen ner! which, during я revolutionp would firet 

pointe A 
conneot the inputx of th е cheins to the ourrent euprly, and the | 
output points А to the relays, and th en would oonneot the 
input end output pointe B to the eup»ly »nd те]вуе, In e | 
revélution of the зсешпег the output end input »oints А to 2 | 
would ell neve theib turn, епё the right hend wheele would | 
then move on, Thie lest pos-ible eolution was called 'seriel | 
soenning' end led to ell th е possible forms of rezistretion 
being known ee different kinds of &seenning', The simple poesibility 
th et we first mentioned was celled 'single line seanning'. 
Neturelly there we: much reserroh into noesible eiternatives to 
these tvò kinds of scenning, which would met eneble #11 26 
poesible Steoker values of the central letter to be tested 
xr simulteneoely without епу verte of the machine moving, 


Any devioe to do this was deeoribeà пе 'simulteneoue вояди пе". 
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e The solution whioh wes eventually found for this problem 
was more elong metheaticel then slong ејеобгјол1 engineering 
| linee, an à would reslly not ћете been = solution of the 

problem es it was put to the slectricinns, fur "hom we gave, 

es we thought, just the essentiels of the problem, It turned out 
in the and thet we h nd given them rather less th en th essential 
and they therefore osnnot be blamed far not having found the 
beat solution, They did find ~ solution of th е oroblem as it 

was put to them,vhioh would probably hove worked if they hod 

hed s few more months experimenting, Аз it was the mathematical 


solution was found before they hed finished, 


Ф Pys eimultsneoue scanning г 
The problem as клуде Бо the electrioisn а wet this, The е sre 
52 oontects labelled Ж...2, A',...,Z2', At "ny moment eroh one 
Of ÀA,...,2 ia connected to one end only one of A!,,,.,Z': the 
connectione are ohenging *11 the time very quickly. For each 
letter of th e alphabet there із a relay, snd ve went to arrange 
that the relay for th,e letter R will only close if contsot R is 
connected to contsot R', 
Dic CO XOCE КОН ОНЕ. 
The letest solution proposed for thie problem depended on 
having current st 26 equidistant phases corresponding tothe 26 
е different letters, Th ere is also а th yretron тате Гог each 
letter, The filamen Ба of the thyretrone ara given potentials 
oorreaponding to their letters, end the grids are connected to 
th e corresponding points A*',..,,4', Th e pointa A,..., аге els 
ЖА th yretron v-lve hes the vroverty thet п.о our-eht flows in 
the anode circuit un til the grid potentiel хиупиияхихикгінін 
becomes mors negative then ғ certain oritics1 "mount, efter 
which the current continues to flow, reg^rdless of the grid 


potential 
potential, until the snode и mmrrwxt ја switohed off, 


166 
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o given potentiels with the phase of the letter oonoerned, The 
result ізің at the difference of votential of the filement епа 
of thyratron А 
the grid зе0111е4е5 with an amplitude of at le-at #5 ejes 
26 рһлее 1 
E being the emplitude of the origin 21 supoly Xxzrizxxx, unlese 
А ohd А'џате oonneoted through the ohein, in whioh onse the 
potentielsremsin the seme or differ only by whetever grid birs 
hee been put into the grid oirouit, The thyrstréns sre so 
adjusted that en osoillation of empiitude кы will bring 
th e potential of th e grid to the oritioal value end the 
valve will'fire', The valve is couxled with е relay whioh 
only trips if the thyretron feils to fire, This relay is 
eotuelly а 'differentiel reüsy', with two sets of windings, one 
$ osrrking a constent ourrent end the other oarrying the ourrent 
from the enode circuit of the thyretron, Fig 69 зћета в possible 
form of oirouit, It ic шхшіхілішнёя probably not the exsot form 
of circuit used in the Pye experiments, but is given to 


illustrate the theoretioel possibility. 


The Spider 
We oen look rt the Bombe in e elichtly different WAY ns 


е machine for making deduotione shout Stecker when th e гой 
stert is essumed, Suppose fur we were to put lemp-boerds in 
between th в enigmas of th e oheine, end Lebel the lemp-boerds 
* with the appropriate letters off figure ‚ Рог example in 
ohain С the ee or Ae 
Ge we vero using ا‎ wádh-e key-borrd could be 
labetled with the 'oentrel letter’, Now when we depreds a 
letter of th e key-bosrd we orn read off from the lamp- boerds 
er te Steoker oonsequenoes of the hypoth esis that th e 
depressed letter is steokered to the oentral letter; ®шхш for 


one such оопзепцелов oould be гала off езоћ Јашођовга, namely 
thet th в letter ligh ting is steokered to the n ame of the 
lemp-bomrd, 
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e When we look et the Bombe in this wey we eee thet it would 
be naturel to modify it ео вз to meke this ідея fit even better. 
We heve not so far elloved for lengthy ohrins of deductione; the 
possible deductions eton es soon es one comes brok to th e 
oehtrel letter, There ie however no resaon why, when from one 

Steoker value of 

h ypothesis ebout the[centrel letter we heve deduced thet the 
oentrel letter muet haye enother Steoker v-lue, we should not 
go on end drew further oonolusione from this ееооп4 Stecker уе, 


At first eight this seems quite uselese, but, ве 411 the deduotione 


ere reversible, it is гобце Пу very useful, for nll th e coñolusions 
thet osn be drswn will then be felse, snd those thet remain will 
e stend out clesrly ss possible oorreot hynotheses, In order thst 
ell theee deduetions may be made ~eohanically we shall һауе to 
connect the 26 oontsots st th p end of eroh ohain to the 
oommon beginning of 211 the oh*ins, With this arrangement we on 
think of eeoh xmeztirie output or Ne n repr senting 
= poesible Steoker, end Киш if two of theee voints sre oonneoted 
together through the enigmss then the оогтвеоол шв З eoker 
imply one snother, At this point we might eee h ow it #11 works 
out in the osse of the orib given above, This orib wss ectually 
enoiph егей with mxrx&rixmsisansixiixzrzfrikmrkrickxpxümrkExIWEIX 
o xithxxmiyxmxgrwhmxk elph срока wate , When oorrected for their 


an 
sSteoker, ere those mf ef—te—- „ the numbers over th е orib 
дас 

oonstetetions giving the Б олеге ‚ The elphabets 
below 

most used аге 2,5,5,10,25, end these rre reproduced h ere for 

referenoe 

2 8 5 100 25 > 

XN XH MD TB LV 

AP BU JZ IH WC 

QK EN OV RU DI 

Ov PK SA XE OM 

тт QI YE CV XU 

UO AW GR JY FT 

MS ОТ FQ DF JP 

BD JY NW SL GE 

IW DM LH ON AY 

JZ ва HX QW NB 

GR SL FU AZ HS 

Ф YE GT OL РК ZQ 

FC KT 


А 
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In Fig bl at the Бор аге tle chrine, with the vo itions 
end the lettersof the chain, In each Pp lama gee written eome 
of the letters tw which mwxkxumE& сеп be inferred to be Steoker 
vslues of the letters et the heads of their columns from the 
hypotheeds thet X is a Stecker velue of the centr-1 letter Е. 
By no merne #11 poesible inferences of this kind rre овде in 
the figure, but among those that are made ere all pos-ible 
Stecker values for E except the right one,L, If we hed teren e 
rod etert thet w a wrong we should almost certainly h-ve found 
thet ell of the Stecker values of E could be deduced from епу one 
of them, end this vill hold for any cribs with two or more cheine. 
Remembereing по" that with out mrtzx Bombe опе Stecker is 
deducible from enother if the соггезооп ай points on the lsmp 
boards ere connected through th а еп счез, а correct rod etart 
can only be one for which not 211 th e 170$ »oints of the ehr тв 
ere connected tocether; the »oeitions st which thia hapnens sre 
almost exactly those >t which Xxx 2 Bombe with simultaneous 
scanning would Ниуе зфортеа, 

Знасххиклитах?тхик ит t edat Їй} 

This is roughly the idea of the 'spidert, It has been described 
in this section se а wey of getting simultaneous acanning on the 
Bombe, and hes been mede to look as much like the Bombe ез 
possible, In the next section another description of the spider 
ie given, 

The spider, А second 4 scription, Aotu^l form, 

In our originel description of the Bombe we though + of it 
ee e method of looking far charecterietics of а orib which are 
inde»enden t of Stecker, but in th gp lest eeotion we thouch + 
of it more =s а neohine for meking Stecker deduetion, я, This lest 
wey of lookin g ^t it he obviously grest vos-ibilities, "па so 
we ` 111 stert -fresh with thie ide”, 

Та th e leet scotiog verioue points of the circuit were 
regarded es gurrexppmtizgxim having сөгівіп Stecker correeponding 
to them, игш We ere now going to cerry thin idee further and 


за 109 


e have а metal point for erch »oesible St скат, These we can 
imagine arranged in e rectangle, Пао point hes я nema such * 
as Ру: here the capitel letters refer to 'outside' Points and 
the smell letters to ‘in sida lettsre'; ап outside letter is the 
nem of = key or bulb, "па so ce-n be я letter of е orib, while 
an inside lattar ic the пете of ғ contret of the Hintrittswelz, 
eo thet 211 ixfmrmzxiiznxtkxt constatations obteined ГД xm 4 
зиххинхигейх the enigns Sie Stecker give info мг tion about 
inside lettere rethar then owtside. Our statements will usually 
be put in rath ~ -llogical form; stetaments like 'Jis an outside 
letter' vill usually mean 'Jid securring in so and so e^ the neme 
of e kay rather then of а cohtaot ofthe Eintrittswelz', The [ 

Q rectangle is celled th e 1941-50121 bosrd' end the rows are named 
after the outside letters, the oolumns efter the inside lettere, | 
Now let us teke eny constatation of oubg orib e.g, Е st 24, For 
tha poeition wa еге sup»osed to be testing we will ћете an 
enigm: sat up et the right position for en-coding thás | 
oonststetion, but of course "ithout eny Stecker, Let ue 
suppose it se up for the correet position, then one of the 
pairs in th e elphsbet in position 24 is 00: Gonsequently åf 
#1 Qo then Те (i.e. if outside letter Q is associated with inside 
о th өп outside I is zs-ooieted with ineide с), Now if we conneot 

P Ч the input of the (Letehworth) enigma to the corresponding points 
of the dingonal board on line Q and th, е ouput to line I then 


» 


einoe th ө “G input point is connected to the'd outout voint we 


shall heve Qo on the diagonal board connected to То through the 
Letchworth enigme, сту азаккы E 
&@їзпїшгхягихригиїїнїтїхїхпхиҥшличсїїшилхишїхҥєихииїшїкхшЁ хин 
їйїшкюлшїхышттйү {Ёхшххїннїйїн We сеп of course sut in в Letehvorth 
апр та for every conatststion of the crib, andithen we shell heve “ 
ell the poe ible deductione thet cen be made abodt th а association 
of inside and outeida letters parellelad in the connections 
e between th e points of th e diegonal Ъопгй, We can also bring in 


the reciprooel mx property of the Stecker by connecting together 
diezénelly oppositepointe of the diagonal board, e.g. connecting 


Pv to Ур. Ona oan also bring in other conditions about the 


по 


v» 


Stecker, e.g. ifone knows thet the letters which vere жуиякагийс 
rxxx4xidxy unsteck-red on one day "ге invariebly steckered on the 
next th en, having xzsixr& found the keye for one days traffic one 
could when looking for the keye for the nart ddy, connect together 
all points of th е diagonal borrd which соггезоола to non- | 
eteckers wh ich hed occu rred оп the огеујоци dey, Thie ‘ould of '" 
соџгев not entirely eliminate the inedmissible solutions, but 
would enormously reduae their number, the only solutione which 
would not be eliminated being those which were inadmissible on 
avery Enemy count, 
One difference frumcthexkmmkayxamixkim between this srrsngement 
and the Bombe, or the spider яз we described it in th e Inet section 
ө is thet we need only one enige for each anstatetion, | 
Our mach ine is etili mot сомо1ефе, ro we h-ve not put in any 
meohsnism for distinguishing correct from incorrect 003144013, In 
th ө везе of е orib giving s oicture like Fig 4 where moet of 
the letters sre connected together into one 'veb'it is sufficient 
to let current into the E ELE о. Shue line каки nemed 
after а letter on the main web,o,g, et the Ee point inthe case of 
the ог! we heve been coneidering, Ја this case the only poscible 
positions will be ones in which the current fails to resoh all 
the other pointe of the E line of the diagonal bosrd. We can 
[ detect whether this h app»ene by connecting ths points ofthe E line 
through differential releys to the oth er pole of our current 
parrallel with one another end in series with the stop mec} 
supply, end putting the'on'points of the relays in ро, Normally | 
ourrent will flow through all the differentiel relsys, andthey | 
will not move, When one resches s position which might be correct 1 
the current faile to reach t one об these relays, "па the current | 
permenently flowing in the other жїгїн 0011 of the reley o^uses ' 
it to close, end bring the stony ing meehenism into pley, их 
Xiiixmestiyxkrpnsn with Moatly whet vill hapen ів thet there will 
be juat one reisy which closes, end this will be one connected to 
a point of ti diagonsl board which corresponds to е Stecker 
Фу which is possibly correct; more ecourstely, if this Stecker ie 


not correct the positions ie not correct. Anoth er poesibility is 


ме 


ам 


that all relays close exoept the one connected to the point 
et whioh the ourren, $ enters the diezom^l boerd, end this point 
Хяхиитихинахкиккашк ix th en oorreeponde to th only vos-ible 
Steoker, In cases where therm date is pather scanty, end the 
etope th вгегоге very frequent, other thinge ме“ h ^o ед. e.g 
we might find four releye oloeing simultaneously, 611 of them 
oonneoted together through the enigmee endthe oroee conneotione 
of the diegonel boerd, end therefore none of them corresponding b 
to possible Steoker. 
хпик пак 

ФТукххккитихи хизтиххжихакку их 

In order for it to be noesible to меке th е necessary oonneotions 
between the enigmes,the diezonel boerd end th е rekeye there hes 
to be е good дег1 of *dditionel gerr, The input and output 
rowe of the enigmas ere brought to rowe of 26 contaste o-lled 
'Тепаје jecks', The rowe of th e dieconal boerd are also brought 
The 26 rel-ys end the ourrent sun ly ere alao brought to e jack. 
to femmle jeoke, A ny two female jacks o*n be oonneoted with 
'pleiteà jeoks' consisting of 26 wires visited torether and 
ending in male jecks whioh orn be plugred into the Тепе 1е jacka, 
In order to meke it poesible to conneot.thá three or more rows 
of oontects together one is slso provided with mx toommons! 
coneisting of four rmx female jeoks with correevonding »ointe 
oonneoted togeth er, There ie also e device far oonneoting 
together th e хири output jeck of one enigma иі end the inout 
of the next, both being oonneoted to enother female jeok, whioh 
oen be used for oonneoting them mugwherexx to anywhere else one 
wishes, 

On the first spider made there were 30 епјттаз, end three 
д1екопе1 boerde end 'inpute'i,e, sets of relsye and stovving 


Qevioee, There were aleo 1$ sete of oommone, 


— 


#2. 


Fige р „ее ehew the connections of enigmse end diegosnl 
boerd in е perticuler oese, The сезе of e elx-letter *lohsbet 
hee been teken to reduce the eize of the figure, 

The eotusl origin of the spider wee not xx an attemot to 
find eimulteneous scenninc for th e Bombe, but ix to make use 
of the reciproo-l сНятесфег of the Steoker, This oo urred at в 
time when it wa clerr thet very muoh ehorter oribs would have 
to be worked then could be meneged on the Bombe, Welehmen then 
disoovered thet Хнихитижюлиахиаккихкли?Яхукхийеа с Иги ки Хо 
by us ng в disgonel boerd one could get the complete eet of 
oonsequences of e hy»otheei& , The ideal machine thet Welohmany 
wos wErizzrkrrget eining et was to rejeot епу position in which 
e oertain fimed-for-the-time Stecker hyvothesie led to any 
direct contradiction: by s direct contradiction I do not mean to 
inolude eny contradict Ione which ean only be obt-ined by 
considering ell Stecker v=luss of some letter independently 
end ehewing e-ch one imxmwxiEix in-ooneietent with the originel 
hypothesis, Aotuelly the epider does more then this ів one wey 
and less in another, It ie not reetricted to derling with one 
Stecker hyoothesis et e time, end it does not find ell di rect 
oontrediotione, 
iets. 

Neturrlly enough  Kerckamanxzeixkuaxxark Welehmand end Keen 
eet to work to fin d come way of adepting the epider eo es to 
detect ell direct contrediotion s, The result of thie reessreh 
is deseribed in the next section, Befáre we con leeve the spider 
however we should xixx eee whet eort of contradictione it will 
detect, епа about how meny stone one will get with given ästa, 

Firet of 211 let we simplify th e problem »nd coneider x 
only ykmywrxxmext normel etops, i.e. poeitione et which b y 
eltering th e point,et which the current entere the dirgonel 

b reo ба Ден bla pis w м, 
porra fond сеп make 25 releye ser The current will th en be 
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entering et а correct Stacker if the position is correct, Let 

us further simolify the problem by supposing thmst th sre is 
only ons ‘web', 1.5, thet tie 'pioture' formed from tha pert of 
th s orib that is being ussd forms one connected piece, з,в. with 
the orlb on p we should have one web if ws omit the 
constatations В, ER Piesrly— пи ово јон кор“ 
уфе бе лит Ра е oncteherrerti—oonédt-trtores—shoute- 


Some of the oonstetetlons of $ web could still be omitted 
without eny of th s lstters becoming disconnected form ths 

rest. Let us choose soms sst of such constetstions, xXizixzERNKEE 
XuxnuüuwdrinrwitkreNmtrxkerwEk in euch а wy th et we osnnot omit 
епу more constatations without th s weh bresking up, When the 
оопеђеђећј ns sre omitted thare will of course be no 'oheins' 

ог 'olosures', This sst of oonstretetions mey be 021184 th e 
'ohein-olosing constetation s', зла th s others will be orlled 
th e ‘wab-forming conet«tstions', At апу position ve may imagins 
that the web-formin£ oonstet=tlons sere brought into play first, 
snd only if th e position is possibls Рог thsss are th s 
ohain-olosing oonstetstlons used, Now the Stscksr value offthe 
input letter en à th e web-forming constatetions will completely 
dstermins the Stecker velues of ths lettsrs oocurring in the web, 
When the chain closing const: tations erebrought in жиш it will 
elreedy be completely determined what ere the corresponding 
‘unstsokered' oonstetstions, so that Lfknere are o chein-closing 
constststion s the finel number of stope will be e proportion 
26 of ths stops wh loh occur if they sre omitted, Our problem 
гедцоей therefore to ЪЩ е esss in vhich there ars no olosures, 
It is, I hone, also feirly olerr thst the number of stons will 
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not be eppreciebly effeoted by the mxrkwrxwfr brenoh errengenent 
of the web, but only Ъ у the number of lettere oocurring in it. 
These feots enable ue to make e talle for the o^louletion of 

th e number of еђоов іп "пу cese where there is only one wBb, 
The meth pd of constrüotion of the teble is very tedious end 
uninteresting. Ekris The t-ble is reproduced below 


a 
No, ог lettere H-M feotor (h-m бе №. y- Martin, 
on web Grist Така Peku Gad 
z 0,92 j Ç 
5 0.79 
4 0.62 
5 0.44 D 
6 0,29 ас ^ 
No, of enewers = 26 x H-M factor 
7 0,17 
о is number of olosuree 
8 0,087 
9 0,041 
10 0,016 
11 0,0060 
18 0,0018 
13 0,00045 95 
14 0,000095 
15 0.000016 
16 0.0000025 


А similer teble h es elso been mede to allow for t"o webs, with 
To th e баве of th ree webs 
up to five lettere on the second, Ёжуюпї tits it ie not worth 
wh ile end herdly poesible to go. ЗА е eufficiently 
good eetim te in euch опава by using oommon-eense inenuslitiee, 
| певачи а рељц у фан а отада вејреј раречтиреофе а 
хефаявахентвхииииет <оГхиихкиких 6.g. 16 we denot e the H-M feotor 
for the onse of webs with m,n,end р lettere by Hg H(m,n,p) ме 


ehall heve th e common вепее inequs=lit#ee 


HRS < ES) Eno 


H(m,3,2) > H(m,4,0) 


~. 


"7 
To sse whet kind of contradictione are deteotsd by ths 4 
machine we orn take the picture, Fig wana on it write 
sgainet sach letter ап y Stecker values of tht letter whioh | 


osn bs dséudsd from ‘the Stecker hypothesis which is reed off 

ths spidsr when tt stors, ХииххЕЁх This has bs n dons in I 
Me th cor e onse whsre th e input wes on lstter Е of the 

disgonel bosré, and th s relay В olossd when ths msohins 


stopped; if ths position of ths sto» vere correot at sll the | 
popreot Stsoker would bs given by the pointe of the àisgonsl 
2150 


Бовта whioh were oonnscted to Er, епа thsy will bs ths diredt 
consequencss of ths Stsoksr hynothseis E/R, Ххиїхкиххифиқихіях 
блхахйайиз 3 исххахиахиххетоних феикитхуи erie ии 
аизљигхкихвува хте атихрјивђигих ikt Pigs reins хтигн их 

Ф kaxit taxdeducexniixthexckhxarxinesrrestxomezx Аз ws are 
sssuming theat В wes th e only relsy to oloss wirrrkrwrwtiwr, 
thie reley osnnot hevs basn oonnsoetsd to nny mts of th s others, 
or it would h ave bshevsd similarly, Ws сеплођ thsrefore deduce 
any oth er Stscker velus for Е then Е, end this expleins why оп 
the ‘main међ! in ме $y th sre is only ons penoil lettsr sgisnst 
sach ink lesttsr, Wherevsr апу psnoil letter is ths same as sn 
ink lstter ws sre able to кдужт write down -nothsr pencil letter 
oorrsspon ding totth e rsoiproorl Stacker or to the disgonsl 

© connsotione of th s board. In one or two cases ve find that the 
lsttsr we mizh t write down ia th srs а1гелду. In otherw the 
new lstter is writtsn sgsinst xm ши s letter of one oft ths 
minor wehs; in suoh s case we йш clesrly ћете » contrediction, 
but ss it does not result in а ssoond ast of vsneil lstisrs on 


ths main web the machins ie not prevsnted from stovning., Thsre 


sre other contradictions; e.g. we havs Z/L,W/L, but ss L does 
not oocur nth s orib this has no sffeat, | 
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The meohin e gun 

ө When пе по the epider tbere is a greet de-1 of work in 
teking down dete sbout stope from the maohine end in testing 
tbese out efterwards, making it hardly fe^eible to run cribs 
whicb тики give more then 5 stope per whe-l order, Ifrikxxerx 
auxzixiwrirxKxXxxix:szuumZrixr Ae tbe complete data ebout the 
direct consequences rzfxixmz of епу Stocker hypothesis et еру 
position ere slreedy contsined in th e connections of tbe 
points or the diagonal board it seems uxnityxnetxtecumkx thet 
it should be voesitle to make the machine do the teeting itself, 
It would not be n вовезагу to improve on th ө etonning errengement 
of th е spider itself, ss one could укжихиихигхкникивит ни и 

e wn vse|tbe epider ићихжр өө "E described, mniyxvkIE X WYNIX 
end bave en arrengemen t by whicb, whenever it etonped я furth er 
meoheniem is brough t in to »ley, vhioh looke more closely into 
tb e Steoker, Such e meohaniem will be described ве а meobine gun, 
regerdless of what its construction mey be. 

Е epider etope 
With elmost any orib th е properttÓn of mxrkix&rgus EXXWXIY 

thet would be pessed by = machine gun ез possible would ђе 
higber then th e Жы л" of tetet epider stops to totel 
poe.sible hyootheses, Consequently the emount of time thet con 

e economicelly be allowed to the msobine gun for examining е 
position ie vestly greater than oan be ellowed tdthe epider, 
We migbt for instance run e erib which gives 100 spider etone 
per wheel order, "п й the time for running, avert from time 
spent during stops migbt be 25 minutes, If the machine gun were | 


allowed 5 seconde per position, as compared witb the 3014ет8е | 


1/10 eecond only 8 minutes would be edded to the time for the run, 


(vo 


When th e epider etone, поги 117 the voints of the diagonal 
boerd which sre enercgieed sre these pM uo yp 
Stecker, Neturelly it would be eealer for the mechine gun if 
the points energieed хити corresponded to зипосевају correet 
Stecker, It le therefore neceessry to ћете some arrangement 
by which imnedietely after the epider stops the point of entry 
of th e ourrent ie altered to th e point ba which the reley 
which closed wes connedted, ог is left ursltered in th e csee 
th et 25 relays olosed, £aExzDxxibiuxümrirurfurrxdévinkrixid4x- 

Mr Keen hss invented some дет е for doing thie, depending 
entirely on reley wiring, I do not knov th е deteils at present, 
жойи хжюлииК х1 киха ухристизхкинхохех ar EXLhE 
МехишиЗ #хикханЕчхуитх 7? х фихахикки лятяфаиял, but sporrently 
the effeot ie that the mechine ies not etop at #11 exoeot in 
orses in whioh time either just one relay closes or 25 releye 
close. In the case that 25 relays close the ou rrent is allowed 
to continue to enter et tle seme voint, but if just one reley 
closee the point of entry is ch snged over to thid reley, Thie 
method hes the possible dis: dvantege thet e certain nümber of 
poesible solutione mey be miesed through not being of normal 
type, This will only be eerious in osees where the frequenoy of 
epider stops is very high indeed,e,c, 20%, end sone oth er 
method, suoh ee'Ringstellung out-outt ie being ueeüdfor further 
reducing t^e etops, An elternstive method is to heve оте kind 
Of п!есяпгег! which will look fêr Хакхетхстихихскки relays which 
ere not oonneoted to env otherme, Which method 15 to be чава is 
not yet decided," 

At the next stag in the ргооеез we have to see whether 
there ere епу contradictione in the Steoker; in order to гедцое 
th e number of relays involved this ie done in strgee, In the fi 
first etege we ee- whether or not there ere two different Steoker 
values for A, in the eeconf wheth er there ere two differant 


values for B, and so on, To do this testing уе т ve 26 releys 


~ 
Миг bor биље cbt саћа. А сла (kaa » 
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whioh ere wired un in such a war th ^t се can distin-uiéh 
wheth ёт ob not two or more of th em afe energised, When we ere 
testing th e Steoker veluee of ^ we h rye the 26 oontrots of the 
A line ofthe disgo:*1 boerd connected to the ооггезтоп пе 
releys in this set.xkitvxikxixixrixwkixy Whet ie prinoioslly 
lecking ie some devioe for conneoting the rows of the disgonel 
board succussively to the set of гејеув, This fortunetsly was 
found in post-offioe etenderd squipment; xxt the olioking néiee 
tnet this gedget mekee when in operetion gives the wh ole 
epparatue ite neke, If we жикгийй кл find no contr-diotione in 
th e Steckers of any letter the whole position is овесед а< food, 
The mschine is designed to print the voeition end th e Steoker 
in euoh e crse, Here egain I do not <пот the exact method used, 
but the following simple arrangement вест" to give much the 
3mme effect, although perhmos it could not be mede to work 
qnite fast enough. Th s Steoker "ге given by Trinriixxy 
typine one letter in e column he«deà by the m oh 4 
"WX тайа for Stecker oontredictions th e relrye 
oorresvending toths Stecker veluss of the letter olose, We oen 
corresvonding 
errange that these releys overste keys of the typewriter, rut 
thet in the case that the е is е oontrrdlotion thie is prevented 
speciel typed ineterd 
and some symbol 1ахик ки sheving that the whole ie wrong, When 
no relay closes nothing is typed, ae the tvoevriter axrix 
not oversted by the keys but only by the sere tar, and this is 
there is в oli»nge of 
moved whenevor the letter xwwizxxxwixuldetrfzr whose Stecker are 


beitg examin à teuer, 


Aüüitionel дойве ta 

Besidee th e spider end mechine-gun я number of other 
improvements xrxxkmwrkmin of the Bombe «хе now being vl-nned, 

We have elrerd; mentioned thet it ie possible to use rdditione1 
ste about Steoker by connecting up points of th е йіесопе1 
board, It ie plenned to теке this more streigh tformrd by 
leading the points of the diagonal bberd to 325 points of е 
plug boardg the plug board also ћ пз а greet many points ell 
conneoted together, end any Stecker which one believes to be 
frelse one simply oonn ote tokhis set. 

Another geüget is desirned to dec] with XàscxiXNWGCOCREa Iw Ci. T 
Exür oeoes such ss that in which there are two 'webet with six ' 
КЕ С Кз, А жї little exneriment will show thet in the ( 
greet me jority of cases ith etch date, when the solution is 
found, the Steoker velue of e letter on either web will іло1у 
the whole eet of Steckers for the letters of both webs: in 
ши the ourrent terminology,"In the right plece we oen nearly 
elways get from one web onto the other", If hovever we try to 
run suoh dete on the spider, even with the machine gun ettachment, 
there will be en enormous number of stons, and the vast majority 
of these will be овзез in which " we heve not got onto the 
ecfond међ", If we «re prepered to reject these pos-ibilities 
without testing them we 51711 not very £rently decrease the 
probebility of out finding the right solution, but very greatly 
redàce th e emount of testing to be done, І? in addition the 
epider oen be persuaded not to etop in theese vositions, the 
spider time served wil! be enormous, Some srren-ement of thie 
кин kind is being mede but I will not »ttemnt to describe 
how it works, 

Хихинала > акхи! ихних нии хргаиЗишях 

With ooma af the oiphers there икухия is information ebout 
the Ringstellung (Heriveliemue) whioh makee certain stopping 


placas wrong іп virtua of their position, "па not of the 
alphabets produeed et those positions, There is пп arrangement, 
known es я 'Ringstellung cut-out" which will vravant the machine 
from stopping in euoh ut-positions, The design of such е 
cut -out clearly presents no difficulties of principle, 

There ere 2180 plans for "ms jority vote" gadgets which 
will enable one to make use of date which is not very relr ible. 
А hypothesis will only ђе re'^rded es rejected if it 
contrsdiots three(ssy) of the unreliable piecas of date, 

Thie method may ba #071484 to the сезе of unreliable dete 
about Stecker, 
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Chapter VII. The Germen Nevel Enigma Cipher 
Histobicel 
In the pitdiod from ebodt 1931 to April 30, 1927 the Nevel | 


cipher mixxx ааа aame indicating system пе the other 
German eervice enigma ciphers, viz. the 'boring! method 
recommended by the fárm that sold th e 'commerdiel’ enigma, 
With this tm eystem es well es the set up ofthe machine i 
consisting of wheel order, Ringetellung, end Stecker, there 

was e window position fixed for the dey, "пад Known as the 


'Grundstellung!', When it wes desired to encivher e messege 
from е diet of sbout 1700 tricremmee e.c. TBE 

one firet chose three lettere st rigdom mrxxxkSR, One then 
eet the machine to th e Grundstellung «nd епо1оћегед ZEFZLB, 
The resulting six letterms were put »t th e beginning of the 
meseege, rnd the remainder of the meee’ се con-sietedof th e 
result of enciphering the plaintext with pre-stert window 
position ZLE, (Thie differs from the other boring indiceting 
eystems in th et ЖЕ moet of these ellow the trigrmmme such ее 
ZLE to be chosen at rendom ineteed of from Жихи е reetricted f 
list, 

“не “eeknees of thie indiceting system је that я great deal 
of information is given awry about th e 'Grundetellung', If 
snd e known disgonel 
there were no Steokef, "пй the treffio emonnted to 100 щеесгсва 


per diem it would be possible to find th e connections of tha 


machines, end if here were Stecker but the conneotions of th е 
machine were known it would be possible to find the keye every 
dey a the erme amount of traffic. Злрвижихриххахиниких и 
То explein the possibility of finding the keye let us supose 
thet the following were e eet of indiostore for on e dey's traffic/ 


RSICAI 
ОТОО. АВТО grown APINA INÉSUD 
ALAJMB кмүрүт МАЈУ  GJWLBS UANODR yS 
XDVBXV  NUZIJO CZNYOR cwuUYSQ HALUDX 


@ In th e two indioetors UJOOBL and UANODR th e repetition of 
th e first letters is followed hy e repetition of the fourth 
lettere, Th et thie must elways hepnen ke clerr from the 
feot thet th e fourth letter »risee from the fárst by 
enoiphering et the postition direotly after the Grundetel!ung 
end re-enoiphering three vleces further ën, Xrpuxikux 
ixüizxiwrz This phenomenonensbles us to tell very quiokly 
with -ny oipher whether the Boring form of indio tion је 
being used, From th e indicators we сеп find Ри effeote of 
th e three repented enoipherments, In Fig n i. heve entered 
ineert іп one of the oolumns »g^inst esoh letter the 
effeot of enoiphering it fiset et the poeition immédistely 

Ф efter the Grundstellungy end then et the poeition four pleces 
efter the Grundstellung? thus ve have th e entry T egeinst A, with 
iu dots. This means thet А enoiphered ^t the first ant fourth 
poeitione gives J, end thet this information h аз heen given us 
from six indicatore, which ere sotuelly ALAJMB,AYIJPI,AFIJVI, 
APTINA ,AVRIKKZAUXTIT, The other two columns give us the results 
of the enoipherments et th e е“ оопй end then the xit fifth 
position, end et the third end then the sixth, We get for the 
result e of these double enoipherments 


a 5461 


e e NIGAJOKP o o 3022 o « » (DMBUGYEXBRCYI ) 

GgGg | 
(FRUJBQCLMEVEY ) (OHIWSADXETGRZ ) 

640% ‹ 
(V) (I) (ZENREPWSHOLX )  , .DUQEZGTABYMC, « e 
САС. here menne the enoipherment with the first slohshet en д then 
with the fourth, the revereel of the neturek order heing in 
egreement with methematical tradition. There oan be no 
doubt es to h ow the eubstitution Сус: 5 ie to be completed, hut 
et first sight it might ерретг thet there ere two vossibilitiee 

+ Тот с Са, . However if we rememher whet we found out in the 

eection ‘el phahets and hoxes' we eec thet it must he possible 


to peir off the oyclee of бс, into ones of equel length, 


_ Fw wm 


75 8 


‘here are verious thinge which could be done now, Of couree 
onemight put the whole dst? onto the epider, but et th e time 
thet this syetem was in force no such mechine hed been thought 
of, Another method, which w-s that vrinci-=lly used by the 
Poles is to hava > permanent o*t»logue ofthe box shenee хиїтих 
for 6,0,, с „бр, беба for every Grundstellung, aseuming thet 
there ie not e T,O, between the first end leet of the eix 
slphebets, taxtkvase мохтаикрезхатат винени тиха? ит еткекх 
If we give some КОК күлөт to the box shenes, we o-n also 
put the poesible series of three box sheves into sn order, end 
orn enter egeinet enoh set of three bor епирее th e Grundstellungen 
for whioh th ie set is realieed, To use this oetelogue with 
our problem "e should work out the box eh=pee viz, бабу is 26, 
беба ie 26, СС; ie 24,8, Thexw box өһллеж wckusityclunrertke xx 
XXEXEEIXXYgy3x 26 sctuelly hee the nuber 1 end 24 2 the number 2: 
they -re the two commonest sh=pes es сеп be geen from the table 
P 14% • We then look uo 1,1,2 in our ertelogue, end find 
ebout 150 entries against it for each wheelorder, Each of th ese 
will heve to be tested «ut in some vey or other, The moet 
setisfeotory method secms to be thig; We form th e permutetion 
Яка &auyüzii CeGzG5Gg , It is 
(PROIVNSDZYURISBEAUEV ) (OXZL) (0) (T) 
во th et thie permutrtion је of the olees 20,4,1,1. For each 
possible rundeteliun it is possible to celoulete txix tne 
corresponding class for the uneteckered ràphebets, This сап 
fortunetal be done mechanically by merns of ^ form of 
'oyolometer', It would be es vel! to enter arainet ereh position 
the olees of this vermutetton, end this might have heve heen done 
et th e tims of con struction of the orte logue, ketuntiyrtim 
In the "osse in question the right Crundsteliung 1s found to heve 
th e poeition 1,1,26 with wheel order FFF І,ІІ,ІІІ (service 


machine, Umkelrwelz A), The corresnonding boxes "re 
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e DT Ра 
MG BN 

UG 

JL 
BE 
ex 
OD 
тү 
BQ MI 
NS FW 
OR AS 
YW XH 
Жо ҮС А5 


We жийигкїїүх muet have V/A ог V/S, If V/A we con identify the | 
oyola (OHD/SADXRETGRZ) of the СБбр with stacker, with the 


HL 
UP 
ск 
АТ 
EJ 
xv 


к ter [oti ЕЕЕ 


half comprrtment of the second box ín this way | 


(OHIWSADXETGRZ 
(CHSWIVDXLLGNZ 


e i.e. we axxmm h-ve to eesume the steoker 0/C,I/S,A/V,T/L,R/N, and 
that H$3W,D,X,E,G,Z ere unsteokered, This large number of 
uneteokered letters is я strong confirmetion, snd the repetition 
of the Stecker I/S is further confirmation, When we fit the 
res of the box-s together we find thet these five rra "11 the 
Stacker, 

Thera ere other methods thet oan be avnlied, denendin onthe 
number of Stecker being smell. The number of Stecker used in the 
Nevel маз 6 from 1931 to Nov, 1938 -nd »oscibly later, Wa "ight 
for instence have ss-umed thet A end S were both unsteckered 

® and therefore ss-umsd that the constate tion š oocurrad in both 
the alphabets Gand 86 |+ With the Turing sheets we oould fing 
the poesible vositions for this, *ndthen use ғ cyclometer to 
test kkrk tha bor зле рез in thoee »ositions, This is пліог-11у 


only "orth while if we heve no hox-sheve oetalogue, Another 


possibility is to taquate' the boxes, i.e, to find out from the 
permutations 0461 eta what the original xwrmutelnhebe!e Суепд Са 
were, In our orse there ere actuel y 13 different possibilities 
for 51, 15 for Ср rnd 12 for Съ, There rre two things we oen 
до to distinguish batean the correct snd the incorrect 
poesibilities, We сеп use known strtistioo sbout the llet of 

2 admissible message settings, choosing thet combine-tion of 
alphabets thet gives the шижк grestest number of essere 


воз на imt Heo ooo mmo d PEE. 
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repetiticns between the messege settings for ths dey in question 
end messege settings of previouely solved drys, We migh 5 "168 
бо ^ 'Benburismue'i.e, we night make use of them x frot thet 
if two meesagee ere written out with lettara thet were 
enoiphered ^t the seme position written in the eame column, then 
the number of ietker repetitione of letters in = colum will 
be the eame пя if the meesnges hed not been enciphered, «nd 
therefore will be grentes| than if the meseages hed baen 
otherwiee plsced, Aotually this efiect "та тегу emall for 
the Nevel traffio in 1937 and егг1іег, The repetition frequency 
wes 1/20, es compared with 1/16,5 for the 1940 Navel treffio 
end the Air traffic, ний 1/12 for plein language verman, end 
1/86 for incorrectly pleced enoiolered messeczes[the revetition 
frequenoy ie the r^tio of the number cf identical peire in x the 
eolumneto the пес of peirs in columns, identic-1 or not), 
With so low a repetition frecuency it is жулвижх линии? 
extremely difficult to 4 equate the boxes unless the treffio ie 
rether heavy, This method however eo»lien quite well with 
the Air traffic up to Sapt 14 1938, but there there ere better 
methods of ecusting. Опсе the Loxes have been equsted by спе тезпа 
or enother we shell heve many more oeses of kww heif-bombes 
which we osn essume to heve been unsteckered, This method | 
will neerly elweys get the result, if the equating oen bs done, 
After we heve found the rod position of the Grundetellung f 
end the Stecker it only remains to find th e Ringstellung. 
Ueuslly this would be known slremdy, ee, at this period, the | 
whesl order end Ringstelludg were only chenged ^bout once 
a fortnight, Howsver if theee heve inet been ohenged it is 
n ecesenby to read one пезелге, This could slweys be done, ве 
я great many messrges were sent in two or more perts, In 
euch oeses the cell signs end signetures of the perts were | 
essenti-lly the e-me, and the киш регёз efter the first 
began by ery Ang thet they were oontinuetione, giving а the 
lest pert of the 
time group of the prmxixzx message ee e reference. Їїїххикххйшин 1 
Фихума The method of giving numbers at thet time wes to use 


[_ ü 


`. 


the too row of the key bosrd and P thus 


QWERTZUIOP 
1234567890 


Tha number wes put between T'e to shew that it was e number, 
end the whole reperted se a chaok. The continuation of я 
messages whose tima group wee 8350 would RARTY begin 
FORTYWEEPYYWEEPY , Wa could than find th а poaition where thie 
message startad by eingle wheel ргосезеез, and as we nlready 
know the window position of tha etart, we can calculata tha 
Ringstejlung,. 

Оп the lst May 1987 s new indicetingsyetam wee introduoad, 
The first two groupe (four letters aach) of tha meassge were 
repeated at tha end, This olesriy ehowed thet these two groups 
formed th a 1п440гЪог. The repetition »leo ehowed thet no 
oheok could be expected within the ix first two groups 
themeelvse, This ма discouraging, ге the eecenti*l wes knesa 
of the boxing method was thet tha ermething waa encivhered 
twice with tha mashine, With the new method оё 110105106, 
whetaver it is, th e beat ona сеп hope ie thet either it 
will enable us to'sat’the шеззадее, or thet ик from eome 
information about tha setting of the mesesgse obtained foa 
elsewhere we may be able to daducs something about tha &fieuy 
machine satting. However the first thing to ba done wes to 
find out how ths indicators worked, and 1% was пасаезагу 
therefore to try and reed eoma mae"agae with which the new 
ayetem wae being usad, To do thie ona can usa tha FORTYWEEPY 
meeeagas, and ар 1у one of the methods described at the 
beginning èf the lect ohaptar. In thie wey the Polee found 
the keys for the 6th of May 1937, end па they found thet the 
wheel order end the turnovers were the щеше аз for the end 
of April they rightly еззипей that th e wheel order end 
Ringetellung hed reme inad the eame during the and of April 


and the beginning of Mey. Thie made it e'sisr for them to 


[E | 


нА m. — та аи... ши — _ 


13 


find th = keys for othe deys et th в beginning of Mey and 
th ey actuelly found the Stecker for жижу the 2nd, Srd, 4th, 5th 
end 8th, end reed about 100 messages, XixxwxxifuuuSribxiximRiEil 


кихиз The in diostors en d window positions of four (eslected) 


mees-ges for th e Sth were р 
Indiestor Window etnrt 
KFJX EWTW РОУ | 
SYLG EWUF ват 
JMHO UVQG MEM 
УМЕЕ FEVC ГУК 


The repetition of the EW combined with th e revetition of V 
euggests that the £xirixwxnüvfoxrtk fifth and sixth letters 
describe the third letter of the vindo- »oeition, "па si ilsrly 
one із ledto believe that the first t о letters ofthe indicator 
represent the firet letter of the window position, "па thet the 
thir?^ end fourth represent the second,rxXrexuxevulig xkixiwfferrr 
ХахигъРгезите 1у this effeot is somehow produced by eene of а 
table of bigrammne equivelents oflette-s, but it oeunot be 

done aimply by replecing the lettere of the window position | 
"ith one of th eir bigremme equ valents, end then putting in 

а dummy bigrame, for in this oaae the window nosition 


oorreeponding to JMFE FEVC would have to be ary MYY insterd of 
МҮК, Probably some encivherment је involved somewhere, The to 
most netursk »ltevnetiw.s ere , th i) The lettera of the window 
position ere replaced by aome bigramme equiv lents and then 
the whole enci^hered at sáme 'Grundstellung’, ог 11) The window E 
position ie епојоћетад at the Grundetellung, end the resulting 
letters repleoed by btgremme equivalents, The second tof these 
elternatives was made fer more probable by the following indicators 


occurring on the 2nd May 
EXDP IVJO Vor 
XXEX JXJY VUE 
ROX JIWA NUM 


With this secánd alternative we oen йкий ик deduce from the 
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кА 
| 
| 
first two indio tors thet the bigremmes EX пп XX heve tha вете 
value, and this is confirmed from the second snd third, whare 
XX and EX oocur іп the sacond position inetesd ofth e first, 

It so heppened that tha change of indiceting systam hed 
not baen very well made, and a oertain torpado boat, withthe | 
call sign AFA; had not been provided with the bigramme | 
tebles. This boot eant e meesege in -nother civher exvlaining 
this on the Lat Mey, snd it "as errenged thet treffio with 
AFA: wes to teke pleoe eccording totha old systam until Mey 4, 
when tha bigremme tables would be *uo»lied, Sufficient traffio | 
ревзед on May 2,5 Фик to end from AFA: for tha Grundstellung 
usad to be found, tha Stecker heving alre dy been found from 
the FORTYWEEPY masseg-s, It wes naturel to escuma thet the 
Grundstallung used by AEA: wes tha Grundstellung to be used 
with the correot method of indioetion, and es sson as we 
notiosd tha two indiostors mantioned above we tried this out 
end found it to be th е case, 

There ectuelly turned out to be some more complications, 
There were two E teen i cen [^ of one, Опе of them wes 
called tha Allgemaine end tha other the Offiziere Crundstellung, 
This mede it extremely difficult to find eithter “rundstellung, 
The Solee pointed out enother possiblity, viz thet th а 
trixcremues were still prob*bly not ohossn et rendom, They 
sugcested thet probebly the window voeitione ancivhered st the | 
Grundstellung, rather than the window positions th emselves 
were tekan off the restricted list, 

ТМ Nov, 1939 a prison er told us thet the German Мету hed now р 
givan up writing numbers with Y...YY,..Y and thet fxxzyriwwrX 
tha digits of th e numbers were epslt out in full, Мал we heard 
this we exe-ined the messe-es toward th e end of 1937 which 
were expected to be continuati ne ^п d wrote th e axpactad 
baginxiüáninge under them, The pro^ortoin of 'orsshes! 1.a. of 
letters epoersntly left unaltared by snoipheement, живи then shaws — 


how neerly correct our guesses were, Assuming thet the ohengs xw 


зә 


mentioned by tha prisomar hed elrendy teken pleos we found th et 
about 70% of these oriba muet have been right, Furthar 'orash 
anelysss!'were msde for other periods up to Aug 1959, eli with 
feirly fevourebla results, At the seme time there hed been some 
chen gas in tha mechine, known toh eve takan pleca baoause ofthe 
corresponding changas in the machina used by tha ermy end sir 


whose traffic h ed been reed. In tha sumie“ of 1957 the Umkbdrwalzs 
Sent 


Шаси 
Xx IV end У had been introduced, Жихкикликхуикхтидихка After b a 


һай been chengad from А to B, and in (Dec) 1938 two new whe-la 


n 
tha bsginning of the wer (Sept 1939) the FORTYWEEPY measages лс 19. 


p 
were no longar trecerdle, bsonuse thare were no more orll signs, " 1 
of thie кіла “а 


However there had baen eoma treffic et various times during 


neneaurress and erises sinde the occupation of Auatria, Фатах 


жетшетёх%охюехих шишкякїгїїссїше xrmigictxbexnbinxtox fimicsomex 
Жаутхурхии каси НИЕ end thera were п few daya where thare 
waa both treffie with and without 6811 signs, Wa hoped that 

we might be able to find tha keys for some auch daya впйжи ao 

to find the kind of thing thet wes aeid in the traffic without 
cell eigns, Жегикг ни? Зулпохах!ехХиужг аут“ Thara ss-med to ba 
some doubt аз to the faraibility of thia vlen, ^s XXxxxuEiixx 

the call signs treffio on eny dey wes alweye either tha whole of 
the Baltic traffio er the whole of the non-Beltio trcffio, and 
tha Baltio tref- io in 1937 ueedto be оп s differen t key from th а 
rest, Following this programme we found the kevs for Nov, 28 

1958 end for a number of drys nesr thare, The number of Steckar 
ws 6. Th e wheel order and Ringstellung seems to remain constent 
for about a weeks; nt an y rate thay did not chenga between Nov 84 
end Nov29, Тре Stacker хинихийххкхкиЕяхких were not batted; the 
same letter waw. naver афаскегай on t o consecutive daya, This 

of course might bs extramaly velusble. If tha traffic had been 

h аву4аг it would have ensblsd ua to find th e keys so long es 
this lested, and there мега «пу oribs, Actually we got по 

furth ar than this, 88 at this point в good desl of deta was. 


'pinohed' fr me Cerman boat, enebling ue ret the keys for 
9 April 22-27 1940, At the emme time we pinohed e book of 
instru otions telling us th e precise form of the indiorting 
syetem, 
To enoipher a meecege the опегређог ch oosee two trigrem7es 
ou t of s book, The firet of these trigrammes is oflled the 
'Sonluesselkenngrup»e', The ohoioe of this is overtly determined 
by the neture of th e messeze: e.g, 611 'duumy!' mss-n ез have 
th e Sohluessel ksengrupne taken from one pert gnam book snd 
genuine messeges jeve them taken fr m slsewhere; we do not 
Xn йт very much ebout th eee, Th e ssoond trigram-e isoalled 
the Verfshmenkenngrupoe , Sup»oee the Schlues-elkenngrupoe ie 
` ® CIV and the Verfahren kenngrup-s is TOD then the oper-tor 
ohooses two dummhy letters, Q "од X sey, "пд writes this down 
QOIV 
тору 

Tom the Verfehren kenngruppe із obteined the window »oeition 
for th e stert of th e mesaage, by en ciphering >t the Grundetellung, 
From th e eight letters sbove, one also obt-ins the indioetor 
for the messege, by substitution from e table vhioh cives 
bigfenme for bigremme, Th e vartis subetitution is done by replsoing 
the vertiwel pairs ebovs with bigrem es, e.g, tf in this овзе, 

• if the subetitute for QT were DA, end TH for CO, РО for ID, anā 
> CN for VX then the indicetor for the mesesge is DATH РОСИ, 
Apert from the Sohlueseel kenngrup"e feature thie is the 
method we had inferred wes being used, Ууитлбиии This extra 
feeture eocounts for the bigrsm-es in th e indio-tore being 
elmost perfectly h stted, Also th e feot that it is never thn 
mees-ge eetting itself wich ie ohoeen st random by the operator 
sliminetes епу remeinín; hove th et one might use 'onerstor'e 


peyohologyt to hslp in finding out th e elvhabete, From our 


МЕГ = 


point of view of course the Sohlueseel kemngrub»-en migh t 

| ss wel? not exist, sn 4 th e (bigr=m e lists'to us remein 
A E letter entered | 
Foes sheets with on e жижуех in eroh scuare, "па not two , t 

There is however the restriction that there must be ersotly 26 


occurrences of eroh letter. 


x i 
ааа; оо ee ee 


о 


Methode of reeding the individuel тевзерео 

With th e eyetem of indiontion thet h ез been ueed einoe 
Мау 1937 we ere not able to resd ell the messegee es eoon es 
we ћете reed on e, А few mey be re=d by eingle wheel ргопезеее, 
etapting from e short crib, bu t we eennot hone to reed the 
whole trsffio in thie wey, Aleo, when we heve found the 
Grundstel!ung mwxzxrkaexrziwriz, en à if there ie plenty of treffio, 
we mey be ebla to make use of Хихи come bigremmes which oonurred 
in messeges «lreedy raed, These methods «ге not enough by themselves/ 
In th e 1937 treffio there wes no 'mot probable’, end we had 
planned a method for finding the right eterting position, mking 
uee of the fact thet th e oorreot дебоде would vrobetly heve 
more letters Е in it than епу of the othere, It wee intended 
to heve e long punched peper roll, th e punching shewing the 
effeot of enoiphering Е in the verious positions, Thie peper 
wae to move under e eeriee of ebout 200 brushes whoee position 
was determined by th e letto rs of the enoi^hersáü message, The 
number of brushes which poked throuzh the holes st anv moment 
wee th e number of letters E in the decode of the meecege, the 
к= топ wick bein g determined by the position of the roll, 
All positione giving more then a cert-in number of lettars E 
were to be recorded snd these poeitione indenen dently tested, 
This ne ohine w s си ес ‘th e rack'. 

It wee never n eoesssry to шаке e rack beocuse when the 
1958 mess? сөз were reed it wes füund th at ther word EINS 
occurred veryfrequen tly, We therefors made e oetalogue of 
th e encoded v-luee of EINS et every possible oterfing poeition, 
en 4 erranged the encoded velues in elphsbeticel order, The 
un"nelysed catalogue wes саде by enoiphering firet E et every 
poesible position, then I,N and S, This wae done with the 
automatic typewribing en Штаз, The valuss of I were etuok below 
the veluee of E with e etag-er: the values of М and 5 were 
underneath th вее egain, with sáitsble,st^g"ere, The -eeult wes 
thet the effect of encdvhsring FINS ennesred in vertio*l columns, 


This unamalysed сефајосме wes known to th e girls es 'corsets', 

In enalysing the catalogue we tock 28 sheets n smed А to Я, with 
E omitted: eech sheet had 25 lines, nemed А to Z with I omitted, 
Supposing on ehect 15 end line 4 of th e corsets we found 

IVOM es e velue of EINS we would enter 15.4 on line У of shest L, 
Xxxfrtkr. In e leter form of the cetslogue w- sleo mede 

'eristence shests’. In the exietence she-te wa would enter M 

in lins V and column O of sheet L, To use the crt? logue w- 

first enslysed the tetragremes in th е шеззгрез Жирохжик 
eccoring totheir first letters, One would then take tha A 
sxistence sheet and go through ell th e mess^zes marking the 
tetregramies which occurred on th e existence sheet, end marking 
against them the entry (e.g. 13.4) from the catalogue, Afterwards 
one woujd have to go back to the corsets, end search in the 

right line for the tetregramme, end work out 158 position: 

this wee done with е cerdboard strip end кой ез! snaking’, 
Having foun d the position one would have to set up th e m chine, 
decipher the tetragramme, verifying thet it дуе EINS end them 
continue to decipher end зе: if one continuedto get sense, 

This process hes since bern greetly im»roved, Instead of 
making the corsets off the'X-machines'wye have ^ machine called 
the 'test-plate’ or 'beby' whioh tyned out the results of 
enoipherin с EINS in 611 positions in ^ much more convenient fom, 
Also we xxxtt» n o longer enelyse the groups by папа, but have 

together with their vosition 
иягійххрхминийгрифисифсісімахи them punched on caràs, which are 
then sorted into elphabetical order, and listed, A further 
improvement ie th at the test-plete is now mede to punch the 
cards directly. 

Roughly, our progremne when the мћег1 order, Ringstellung, 
and Stecker for s day h sve been found, is es follows, We make 
en EINS ertelogue, end Ere t get out veirs of messeges in 


which the second indicator bigrem'e of one is the esme яз the 


third indicator bigrame of th e other, If ve ћете four suoh 
сазев we have sufficient dete ebout th e Grundstellung to be 
eble to find it by meane of th s Bombe, provided thet we heye 


бео | 


found th e double Т.0, itt We then continueto get messeges out 

with the EINS catelogue; eech message gives w some kt values 

of bigrammee, which are entered on o Foes ehect, Erom time 

to time w& go th rough the messegee eubstituting for the 
bigremnse the velues thet heve = ДА from the messeges, 

With messagee for which we know the velues of to of the 
| ®Ї1&гэттез we ероду th e method known аз 'twiddling' or 'bonking', 
We hsve to decipher the firet few lettere of the meessge et ell 
of the 26 pleoes consistent with our knowledge of the bigremmee, 
Thie is usually done in columnz,one column rt e time,eech 
, _ eolumn corresponding to n letter of the леезере, The twiddling 

is best don © on the Letchworth enigmae, ee they h eve no 


ө autometic Т.О. Some more messegee cen be solved Жу when ons 


` bigremme ie known, preferebly thet corresponding to the L.H.W, 
[| š оп th e test-plate 
^u I by deciphering e few lettere et every one of the 676 pleces, But 


this method is rather difficult to work in practice. it seems 
much more difficult to spot the rirht enewer when one h-a to 
| look through зо many poeoibilitiee, The right answer је hardly 
f ever noticed unless it is onè of the obvioueones such ^s ак» 
BIENESWESPE ,MUECKE ,MOSKITO ,HORNISSE , ERKR ,ANAN ,ADMX , GRUPPE „Бре, 
„Ths ense "here the R,H,W, bigrrm™e is known cannot be done on 


th e test-plete et 211. One шижхик сеп of couree use the X-mmchinee 


a 
w£ 


| ә in much the еще wey тз wee done with th е originel form of 
EINS cetelogue. Thie hes never beeh е euccees, One can also 
use Шепа methods, Оп е cen go through the пеззеде looking for 
Pleces wh ere two consecutive letters occur on th e з"пегод, 
The deciphered velues elso occur on the same rod, end we can 
eremine the rode for possible bigrem:es, Combining this with 
th e Turing ehe te, Kendrick hee solved quite e nuber of mee egee. 
Thie method is known se 'olioks on the rods’, * 
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оды вам оно? bigame lists азі efvaluation of unknown bigrames. 


The Vehfahrenkenngruppo (Y.K.Q. ог trigraxme) is as we have explained 
mot chosen nt random , but from a list of x out 11,000, and within thie list 


the shoised ars not made at кимищ uniformly . This feet enableo us to 

identify which bigramme liste are being used , for iff we choose the right 
Vigremme list and work out the Т.К.0. мо ghajl find thet m somparatively large | 
proportioj of the m have oceurred fors, and if we choose the wrong one 2 
X comparatively small proportion, | 


The more preoles theory of thie identifieationis as follows. Lot us 
suppose thst o Ethe AG атговвив trigrammes ^, have tha been used | 
before ud ^. ‘twice eto. Let us oal} m trigramme whic]j has 
osourred before Г лова trigramme of the F -elsss". We oan them express 
our information in the form! 


OF the oeourrremees of tri grammes there have been А, in the /. clase, 


Te, 1n the 1-ойаве, 34, in the 3 - clase ste: 

Жом take а random sample of these cceurrences, forming x proportio] of 
the whole, and let us imagine thet thés random sample somsists of the last d 
of the trigramme which were found. There will be Xu, in tho 1 clase, clan, 
im the 2 olaeo,ste. How ths ones in the 1 elass would have beon , when they 
were fpund,onee whieh had not oseurred before, and those zitxh in the 2 class 
omes which had cesurred before опоо, ам so on. Hence we сап say that for the lasst = 
ЗР-РЧЕ == of trigrammes entered, the numbereo whish had А 
осавитте4 before/onos,twise,threstimee,... are in the retios of, ^, „Ла, „За pose 
We must oxpest these retiog to hold also of the next few осешгггощовв to be Г 
entered. The procese of finding new ooourrenoee of trigrammes anû lookinfgop th | 
nubere of previous овоџстевове сад therefore bo regarded аё like having an 
urn sontaining сатав, cach of which bears а trigrammohnd а numbor, and making 
drewefrom the urn. Tho mujmber of sarde bearing the nukber F is th be 
proportional to (r +!) A, + Om the other Ваша we have to consider the process of o 
9hoosing trigrammes nt random. This і s to ће — a compared whth 


drawing cards from ап urn containing cards in afferent proportions, 


ъй ый — 


used. , and. ко de rense Зе, Tus Ще. reped ake. об 


luy 
4 karg’ (ps h 
3 den ect must oscur equally огчез а thie urn, and must of course have 
with 1% the number of previous csourremcee of thie tbigramue. Йом imagine that we have 
4 worked out а certain sumber of Y.K.G. using а given bigramme table, anf that we have 
` found out how many timeo cach of them had обоштед before, Thie eam be compzred with 
toing givewn one of the urns, and told 1% te Q:l om thie being tho random urn , 
anl then drawing a certain number of carde from the urn. After the draw we have a 
sew idea of the ode that tha urn ie the rendom urn, and we ehowld have a eorrespondin 
modified idea of tho odde that the bhgramme 110% ie the right ons. let us емррове that 
the trigramme, in tha order ав they were fuat worked out, had the nuxbere 
r, [5 = he of previous oceurrenoee, and thatroorrespondingly the oerde 


dram frok the urn bore the numbere А, .- —. и; + The proportion of eases of 


draws of ө cards from the urn , giving theee resulte with the same order , 19 
| е ин Ye, с Ма 


Likewieo the proportiomof sasee where this happenswith the other urn 1e 
П 


where ee Де the proportion of г-сагёе in the urn. 


, 
~ чи — < with а eorrsepomicug meaning for U, . Then tye ode cathe 
; urn not being tha random one after the ġraw experiment aro 

Enn COL T RP WM. 

E ores ми," | 


ч 


In other worde the drawing of а card with the number > m improvee the odds 
m 162 (6) кыл, 
by а fastor of Î , whieh 19 equal to 


tam ( Ze) а) w 2437 
execept in the ваво ~~O when !t 19 C MEME =: * 
(Geni 2") 
. The ваше method may ће applied for the identification of some unknown bigrammee 


By taking into account a number od days traffic all using the sane bi gramme 
tablo we may fing а number of indicatoras  whoee Y.K.G. would be completely 
known 1f we knew the value of а oertain bigraume, if wo make the right hypothee!a 
ве to the value, ме ehould get trigrammee agreoing with the stetistiee as before. 
In thie oort of ease, ae tha data 10 liable to he very soanty, it 18 essential to 


use tha acourate theory ве described above, 


